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PREPACE

The Counting Handbook is a compilation of operational techniques
and performance specifications on counting equipment in use at the
Lawrence Radiation Laboratory, Berkeley. Counting notes have been
written from the viewpoint of the user rather than that of the
designer or maintenance msn. The only maintenance instructions that
have been included are those that can easily be performed by the
experimenter to assure himself that the equipment is operating
properly.

Suggestions for additional notes to be included in future revisions
of the Handbook are most welcome.

Mary Lou Rentler and Mary Thibideau were responsible for the final
typing of the counting notes; we greatly appreciate their patience and
Tine work.
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December 15, 1963
D. A, Mack

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

SUMMARY OF NANOSECOND PULSE AMPLIFIERS

SUMMARY

Listed below are several amplifiers which are useful primarily for
preserving timing information in nueclear instrumentation.

Designer |Rigse Fall Max,
or Time Time [Output Delay
Manufacturer Gain nsec nsec (Signal nsec
Verweij,CERN 10 2.2 + sig. (36 V 6.5 +in +out
Type 4107A x0,5,x0,25,x0,1 (2.5 - sig. |into 7.5 +in -out
step atten, 125 @ 7.5 -in +out
invert & non- 8.5 -in -out
invert
Whetstone, 10 2 +l.5V
Nanosecond non-invert into 50Q
Systems, Inc,
Model 280
Henebry, 4.0 + 10% 2,2 2.5 [0,4L V¥ 2.5
EGG#AN1OL non-invert into 500
Hewlett-Packard |10 +4 V into |18
4LEBOAR non-invert 200 ©
Hewlett-Packard|5.6"Linear"0Opr, (2.6 2.6 |#8 V 21
460BR 16 "Pulse” Opr, [2.6 2,6 |into 200¢
inverting =125 Vv
into open
circuit
Scott 3-10 for 50Q 3 3 +1,5V
LRL 4X9062 input into 50Q
1.2-4 for 125¢
input
Jackson 5 45 < 15
Logiec Amp, non-invert
LRL 11X2420P-1
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Logic Amp.
LRL 11X2420 P-1

Equiv.
Designer Input
or Input Z |Qutput Z |Noise
{Manufacturer ohms :==,°hms uV Remarks
Verwelj,CERN 125 Cascode 7.5 See CC 1-6, also
Type 41074 Bue, Inst. Meth,
V24, No. 1 p39 (1963)
Whetstone, 50
Nanosecond
Systems, Inec,
Model 280
Henebry, 50 120 Suppresses positive
EGG#ANLOL signals
Hewleti~Packard 200 280 < 60 See CC 1-4
460AR
Hewlett-Packard 200 200 See CC 1-4
4L60BR
Scott 50,125 Jemitter UCRL-10503
LRL 4X9062 follower
Jackson 1000 < 50 Amplifies +4 V gate

to +25 V gate.
See CC 1-6

DAM:mt




Radiation Laboratory, University of California, Berkeley. File No. CC 1-4
Page 1
COUNTING NOTE Jan. 10, 1956
Frank Evans
DISTRIBUTFED AMPLIFIERS

ABSTRACT: Digtributed amplifiers may be used to amplify pulses having rise times
less than 10~° sece The output pulses will be produced with negligible overshoots
if the frequency response at the high end closely approximates a Gaussian charac-
teristice Saturation and cutoff characteristics of most distributed amplifiers
rermit their use as limiterse. The Hewlett-Packard 460A and 460B, having individ-
val rise times of 2.6 x 10-9 sec., are good examples of these amplifiers.

TEXT: By the cascading of individual stages, amplifiers can be designed to give
appreciable gain over bandwidths of the order of tens of megacycles. The limite~
tion here is the ratio of transconductance to the sum of input and ocutput capaci~
tances available in vacuum tubes at presents. The distributed amplifier design,
(1), (2), furnishes means of isolating the effects of individual tube capacitances,
and, at the same time, of taking advantage of the transconductance in an additive
manner for many tubes in parallel. The input circuit consists of grids tapped in
spacially along an artificial, or Jumped, transmission line of which the tube input
capacitances form a parte Similarly the plates are tapped into a gsecond transe
mission line. An input pulse will travel down the first line, and cause each tube
to conduct in sequences Current pulses from the plates will travel in both diree-
tions in the second line. In one direction these pulses add together and travel
toward the output or load. The pulses traveling in the reverse direction are
absorbed by an internal resistive termination. In this manner sizeable gains may
be achieved over bandwidths of hundreds of megacycles.

The Hewlett-Packard 460A and 460B distributed amplifiers are designed primarily as
pulse amplifiers but under some restrictions they may be used for CW. In general
.the A60B is intended for higher signal levels than the 460As Both units have rise
times of 246 x 10-2 secs, although the 460A has more gain into a matched load. Fre-
quently the 460A is used to amplify pulses directly from the ancde of a photomulti-
plier, while the 460B, because of its greater output capebilities, might be used to
drive directly the vertical deflection plates of a high speed cathode ray tube-

The front panel of the 460A is shown below in Fige 1.

Fige 1 Hewlett Packard A60A - Front view.

Aside from the ON-OFF power switch, the only control accessible is the GAIN. This
control determines the grid bias, and consequently the transconductance, of the
five 6AK5 (or 5654, in late models) tubes comprising the first stage. Since the
4L60A 1is a two stage distributed amplifier {(the second stage consists of 7 tubes)
there is no inversion of an input pulse. The input and output connectors shown are
to be used with 200 ohm Transradio C3-T cable assemblies. If it should be desired



File No. CC 1=-4 (2)

to connect cables having an impedance other than 200 olms to the input connectors,
then adapters having the appropriate resistive termination must be useds TFor ex-
ample, the HP 46A4-95C adapter may be used where & type N connection 1s needed on a
50 ohm cable. In addition to the GAIN control, the overall gain (and to some de-
gree the bandwidth and rise time) may be changed by providing other output termi-
nationse Since the output impedance is rated at 280 ohms, the gain will vary

24 Zp where Zr is the effective terminating imped-
28027
ance. The rated gain of 10 applies for ZT=200 ohms.

according to the relation

Several 460A amplifiers may be cascaded if necessgixf The rise time for n cas-
caded units is given by the expression 2.6 x 10-2 ¥n. For 200 ohm connections, the
output broadband noise should be less than 6 x 10n~5 volts rms. up to the satura-

tion regione This is based on the rated noise figure of less than 10 db.

The front panel of the 460B is shown below in Fig. 2.

Fig. 2. Hewlett-Packard 460B - Front views

The amplifier consists of one stage of 13 tubes. Consequently, there is a rever-
sel of polarity. There are two modes of operation, either one of which may be
gselected at the PULSE-LINEAR controle In the LINEAR position the amplifier has a
gain of 5.6 and is capable of delivering, with good linearity, i -8 volt peak
pulses into-200 ohms. Except for inversion of the input gignal and lower gain,
the amplifier is similar to the 460A in this position. In the PULSE position
however, the smplifier is capable of delivering a -125 volt pulse into an open
circuit, and has an open circuit large signal gain of 16« This is accomplished by
switching onto the grids a bias sufficient to cut the tubes nearly off and, onto
the plates and screens, a higher B + voltage for obtaining more swing at the out-

put.
Block diagrams for both amplifiers are shown below in Figs. 3 and 4.

input [:}————————~‘ 5 tubes 7 tubes —————-[:] output

200 ohm 200 ohm

connector To grids | connector
-E g4— --nninp ——

Fige 3+ HewlettwPackard 460A - Block diagrame
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fnput E‘L 13 tubes D output,
: 200 ohm 200 ohm
connector connector

To
ids plates
and
"Linear"® - _.EEQQQET_ - sereens
s

=1.9v. -10v- 110v.
Figs 4+ Hewlett-Packard 460B - Block diagrame

In the 460B photographed in Figs 2, Type 83 connectors have been added in parallel
with the 200 ohm connectors as a laboratory modification. A comparison between
using 125 ohm RG63 cable with type 83 connectors and using 200 okm cable with the
standard connectors is shown below in Fige 5(a) with the circuit sketched in Fig.

5(b)e

ZT = 125 olms (with 83 connectors)

= | 2y = 200 chms

Fig. 5(a). Pulse shapes at output of HP 460B Sweep = 10-8 sec/cme

33
HP 460B AMP 2bo
| 200 —7* __ C3~ oo
ohm E[ / = N Either peir
He o1 to 5XP plates
Pulae 0
Gen.
Type —7~ __ RG63 i% AR s
83 E{: L -’

Fig. 5(b)e Circuit for comparison of comnectors on output of HP 460B.
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The upper photograph in Fig. 5(a} is the observed output signal for a 2 x 10-8 sece
pulse with the 125 ohm cable joined to the amplifier through the type 83 connector
which is in parallel with the unterminated 200 olm comnectors The lower photograph
1s the single 200 ohm connection with the type 83 chassis connector removed from
the circuite. The amplitude of the milse is of course different in the two cases,
but there is no marked difference in the rise timese. Adding other type 83 comnec-
tors in the 125 ohm line will result in small (sbout 3%) differentiated reflections,
but again these do not lead to significant changes in the rise time. The conelusion
then is that the type 83's may be used in most applications where the regolving time
is not less than that of the amplifier itself and may be used more than once in
cases where small differentiated reflections may be tolerated.

It is of interest to note the performance of these amplifiers as the pulse length
is decreased below the resolving time. This is shown in progressive fashion for
the HP 460B in Fig. 6 below

input

output

(e)
Fige 6« Transmission in HP 460B for short pulses Sweep = 10~8 sec/cme
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The input pulse, shown in the upper half of each photograph, was adjusted in
amplitude for an output of approximately 1 cme Fig. 6(2) shows a flat top pulse
for both input and output, indicating the rated pulse gain and rise time. 1In
6(b) the pulse has been narrowed down to about the rise time of the amplifier,
and more amplitude is required for the same outpute In addition, products due
to phase distortion are beginning to appear. In 6(c) the pulse has been further
narrowed so that there is about unity gain on the peak amplitude and a consider-
able increase in the relative amplitudes of the distortion productse.

When large input pulses are applied the HP units will perform as limiters.
Saturation in the positive ocutput direction will cccur at lower voltages than in
the negative direction. In either case the effects of reflections in the ampll-
fier delay lines should be considersed. For the observation of input reflections
at large signal levels the arrangement of Fige 7 was used for separating the
incident pulse from the reflected componentse

Hg
Gene

()
51 RG63 A

3¢

- v e me - ————

Fig. 7 Test Arrangement-HP460 Input Reflections

It should be noted that the impedance match shown 1s in one direction only, with
the result that the observed reflection will be about 1/3 low and will contain
small components from triple and higher order reflectlions.

A seriles of photographs is shown in Fig. 9. At each signal level the amplifier
under test is first switched off and then switched on to show the contrilution
of the tubs. A change 1s apparent on positive pulses due to shorting at the
gridse

Fiz. 10, 11 and 12 are photographs of ocutput pulses for both units under var-
ious overload conditions. In all cases the plate line was fed directly into
RG63 which was terminated in 125 ohms at the 5XP terminals in the scope. The
input arrangement is shown below in Fig. 8.

He
Gene

5

: HP460 | __ _
|
_QT&S A t\/éQ } [ _ —_ — —_
|
|
' |

Fige 8 Input pad for Figs. 10, 11, 12
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Pulse In Amplifier Setting

+8v. L60A — Swe off
+4va 4604 -~ On

T4V 4L60A - Off

R4V e LO0A - On

54V e L60A - Off

+547 e 460A = On

+Bve 4L60B - Off

+3v. 460B - On~Linear
+247 4L60B ~ Off

247 460B = On-Linear
24V 460B - On-Pulse
+547 L60B - Off
+54ve 460B - On-Linear
+54v 4L60B - On-Pulse
=547 4L60B - Off
=547 4L60B = On-Linear
=54V 4L60B - On-Pulse

-q
Sweepw5 x 10  sec/cme
Seng.=18v/cm.

7ge 7 Input Reflections HP4601s
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Sicnal in

fere— e —

-1ve

-2V

-[‘_v.

w8y

~16v.

+1v-

42V

+4ve

+8V-

+16v.

+16v., except with H.P. ADAPTFR which is a
mismateh at input locking toward
generator

Fige 10 HP460A - Output Pulses on Ovarload
Sweep = 5x1077 sec/cne
Sens. = 18 v/cme
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"Lingart . Signal Im "Pulge"

+1ve

+4V e

+3Ve

-i-lév [

=1ve

-V e

Fige 11 IPAGOBR = Cutrut Pildsas on (verlead
a

Srpeery w107

Somse = 74
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Inmut
' +5‘V.
. =5V
4,60A. Ou‘bput : 4.60A Ou'tpu'b
_ . +5ve in
— =2.2ve in A
+1.0ve in =5ve in

460B "Linear" Output

+6V' in +12ve in
—6ve in -12v. in
4L60B "Pulse" Quiput 460B "Pulse" Output
N +6ve in +12ve in
-6'\?9 in -12ve in

Fig. 12 HP460A and 460B - Resolution of Double
Pulses on COrerload
Sweep = 5x1077 sec/cms
Sense = 18 v/cme
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As shown in Figs. 10 and 11 there are peaks occurring after the pulse. In addi-
tion, if there is an input mismatch the pulse may be lengthened due to reflections
in the grid line. This is illustrated in the bottom trace of Fig. 10.

In Figs 12 two pulses of duration 2 x 109 sec and separated by 7 x 10~2 sec. were
fed in to show the deterioration of resolution time as the amplitude is increased.
Tn all cases both amplifisrs are capable of handling larger pulses in the negative
direction at the output.

Manufacturers ratings for the time delays in the HPL60A and A460B are 12 and 14
x 109 sec. respectively. These are apparently in error, for repeated measure-
ments on unite stocked at UCRL indicate time delays of 18 and 21 x 10-9 sec.

The specifications of various distributed amplifiers available, including the 460A
and 460B, are given in Table I on page 1l.

CONCLUSION: The HP A60OA may be used effectively as a preamplifier after a photo-
multiplier in the experimentsl area, as a line amplifier, or as a driver amplifier
leeding into oscilloscopes, scalers, discriminators, etec. provided proper atten-
tion is given to rise time restriction, dynamic range, and load termination. The
L60B, with less gain, is probably most effective when used as the last amplifier
in the chain where large output swing may be needed. In particular reference to
terminations, it is important to provide a close impedance match at the output
terminals of either amplifier if there is a subsequent mismatch at the end of the
cable leading away from the output terminals. This may be relaxed if the mis-
match at the output terminals is the only mismatch in the output 1link, i.e., if
the cable is matched st the far end. Individual gains should be determined fre~
gﬁantly if accuracy here is required. These units do not have any gain stabil-
zatioﬂ.

When the emplifiers are expected to limit care should be exercised to see that
input amplitudes are not so large as to produce extra pulses or to lose resolu-
tion on peakse

REFFRENCES ¢
1. Ginzton, Hewlett, Jasberg, and Noe
Distributed Amplification
Proc. I.R-E. 1948 36, 956-969 (Original paper).

2. Lewis and Wells
Millimocrosecond Tachnilques :
McGr?w—Hill Co. 1954 (Contains short discussion and most references through
1952)

3. Talkin and Cuneo
Optimum Tube Utilization In Cascaded Distributed Amplifiers
Proc. I.R.E. 1955 43, 1668-1669 (Extension of Ref. 1 to include bandwidih
considerations)e
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January 14, 1964
H, G. Jackson

Lawrence Radiation Laboratory, Unlversity of California, Berkeley
COUNTING NOTE

LOGIC AMPLIFIER 20 V OUTFUT - 11X2421 P-1

I. SUMMARY
This unit is intended to raise a standard +4 V logie 1eve11 signal to
+20 V for gating purposes, The circuit is basically a current switch
followed by a parallel NPN-PNP emitter-folliower,

The unit is packaged in a shielded nanobox., A size 3X box (2-1/4 x
5-1/4" panel) is used.

LOGIC AMP.

L W
“20v OUTRUT

[ oW
eez0 P

Fig, 1 - Logic Amplifier -- Front View

II. SPECIFICATIONS

Input Qutput
Impedance 1K¢g Impedance < 50 Q (40 mA max.)
" Level +4 V mow + 20V
"o® Level -1V nou -1V
Delay < 15 ns
Rise-time < 45 ns (step input)

Power Required
+24 V 35 mA (75 mA max.) pin 12.
-12 V 25 mh pin 21,
Ground pin 1.

1See CC 5-9 for logiec voltage levels,

HGJ:mt
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File No. CC 1-7 (1)
E, W. Pullen
February 6, 1964

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

#
PULSE AMPLIFIER - 11X2551 P-1

I, SUMMARY

This transistorized unit is designed for fast pulse amplification; it
has a maximum gain of ten with a rise time of two nanoseconds, Direct
coupling from input to output and a dec stabilization circuit to compensate
for output level changes make this unit especially useful when amplifying
high duty factor signals, The amplifier mainteins good output limiting
characteristics for signals up to 10 times overload, The amplifler and a
view of its internal construction is shown in Fig. 1. Up to four units can
be plugged into & standard nanocbox bin (panel size 5-1/2" x 3-3/4").

Fig. 1 - Front Panel View of Amplifier

¥*
Designed by H, Verweij, CERN, Geneva 23, Switzerland
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IT. SPECIFICATIONS

A, Input.

1, Positive or negative input pulses - + 0.5 V for linear operation.
Maximum input amplitude + 5.0 V.

2. Input impedance - 125 ohm,
3. Pulse polarity selected by a front panel conirol.

B, Output.

1. Positive pulses only. Maximum output + 5.0 V into 125 ohm load,
Overshoot is adjusted to less than 5% on both leading and trailing
edges, A typical output waveform is shown in Fig. 2.

_T_. e
P \

e

I it a) Positive Input:

J — Vert, - 200 mV/cm
L ————— Hor., - 5 ns/em
Y.

i '_‘:' | ‘

‘ﬂ“‘ : l b) Positive Input:
—A |- Vert, - 200 mV/cm
| -~ \ Hor, - 1 ns/em
1 - ¢) DNegative Input:
I R Vert, - 200 mV/cm

Hor., - 5 ns/em

Fig. 2 - Output Waveforms

C, Gain,.

1, Maximum gain: 10. Slide switch attenuators insert loss in the
input giving the discrete gains shown in Table 1,
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GAIN SWLITCH
2 db 6 db 10 db
10
8 X
5 X
4 X X
3 £
2.5 X X
1.6 X X
1.25 X X X

TABLE I - Gain per Attenuator Switch Positlons

D. Response Time,

1. Due to component variation between units, output rise time varies
between 2,0 ns and 2,4 ns into a 125-ohm load,

E. Overload Characteristics.
1. The amplifier is capable of ten times overload in either polarity
without damage or excessive pulse distortlion.
F. Noise,
1. The noise level, referred to the input, ranges from 100 pV to 120 ¥
with the output terminated into 125-ohm.
G. Power Requirements,
1., +24 Volts @ 80 mA - pin 12,
2, =24 Volts @ 80 mA - pin 22,

CIRCUIT DESCRIPTION

Positive inputs are fed through an emitter follower (Q-11) to the first
amplifying stage (Q-2). A double cascode amplifying stage (Q-6 - Q-9) is
then used to provide the necessary current to drive 5 volts across 125-ohms
and to reduce the effects of output amplitude upon response time,

The front-panel selector switch routes negative pulses to an inverting
stage (Q-1).
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in the first stage and compensate for any long-term drifts or duty-

factor shif'ts within the amplifying path,

Feedback of the dc output level is used to control the bias current

The de stabilization is achieved

by feeding back any negative change in output level through the diode CR-13

to a differential amplifier (Q-4 and Q-5).
through Q-3 controls the bias current of Q-2.

amplifier is shown in Fig. 3 and the schematic diagram in Fig, 9.
Broadbanding is achieved with the use of local emitter series feedback,

JLORLY

O—ATTEN u

int

- O0— INV —0 GAIN
? OF

n 2.5X%

GAIN

OF
4 X

Fig., 3 - Amplifier Block Diagram

IV, PERFORMANCE

A-

»
=

TIME

DC DIFF]|
AMP

This dc amplifier operating
A block diagram of the

OQUTPUT AMPLITUDE

(vOLTS)

Fig. 4 - Variation of Rise Time With Output Level

Rise Time,
1., A variation of the output rise time cccurs as a funetion of output
amplitude, This variation is plotted in Fig. 4.
RISE TIME
3.0
2.0 1 FALL TIME
T _
| | | i T
1O 2.0 3.0 4.0 50
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B. Overload,

1,

The output waveforms for various conditions of overload are shown
in Fig. 5. A pulse width increase of - 2 ns occurs for a ten
times positive overload, and - 8 ns for a ten times negative over-

load,

\ a) 2 X Overload.
f+ R
N _.....'__ - I rvﬁ:‘ilg-—-—-—
1
|
1

b) 5 X Overload,

e¢) 10 X Overload.

Fig. 5 - Output Under Overload
(Vert, 2 V/em; Hor, 10 ns/cm)

C. Cascade Operation.

L.

Metehing difficulties arise when connecting the output of one
amplifier to the input of another in a cascaded operation,
Ringing occurs along the top of the pulse, but this can be
ef fectively reduced by switching in attenuation at least 2 db
in the second amplifier, Fig. 6 shows output waveform of the

second amplifier,

a) Gain of 40 db (100 X)

_ ' R b) Gain of 38 db (79 X)

Fig. 6 - Cascaded Output
(Vert, 200 mV/em; Hor. 10 ns/cm)
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D, Duty Factor,

1. Fig. 7 shows the output for a burst of pulses at 20 MC pulse
rate., The burst length is 100 ms and burst rate is 50 cps,

A

a) Vert, 1 V/em; Hor. 50 ns/em,

b) Vert. 1V/em; Hor. 20 ps/em

Fig, 7 - Output for a Burst Input

E. Pulse Width,

1, The output waveform for very long pulses experiences a droop due
to the feedbeck effects of the de stabilization cireuit., Fig, 8
shows this droop for a 15 us input pulse,

Fig. 8 - Long Pulse Output
(Vert. 1 V/cm; Hor., 2 ps/cm)
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File No. CC 1-8 (1)
February 15, 1966
H, G. Jackson

Lewrence Radiation Leboretory, University of Califcrnia, Perkeley

COUNTING NOTE

DUAL 1 NS-D.C. X10 AMPLIFIER - 18X1281 P-2

I. SUMMARY

Two separate dc coupled amplifiers, each with & gain of 10 and a
risetime of 1 nsec have been packaged in a Nuclear Instrument Module,
A Size 1X (1.35 x 8,75" panel) is used.

Fig. 1 - Front Panel View of Amplifier
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SPECIFICATIONS
Gain 10
Risetime 1l nsec
Input impedance 50 ohms
Input polarity Hegative
Cutput polarity Negative
Maximum cutput amplitude 1V in 50 ohms
Delsay, input tc output 3 nsec
Equivalent noise level at input 50 uV rms
Thermal drift of output level. 1 mV/°C

Powver Fegpired

+12 V 30mA pin 16.
-12 V 90mA  pin 17.
Ground pin 3k,

CIRCUIT DESCRIPTION

A schematic diagram is shown in Fig, 2. Two transistors are used in s
feedback configuration to give & typical closed-loop gain of 11, The open
loop gain is about 66,

The trimmer capacitor (C-3) provides high-frequency compensation. The
potenticmeter (R-6) is a front panel control used to adjust the output level
te 0V,

With the negative input signals the currert in §-1 decreases and that in
Q-2 increases. The IN753A (CRw3) is quiescently conducting 20mA, which
decreases as the current in Q-2 increases, With zero current in CR-3, its
impedance is very large, thereby substantially reducing the gain of 0-2, In
this way the amplifier ocutput current is limited to about 20mA or 1 V into a
50-chm load. In practice the seturated output is about 1.5 V.

Inclusion of CR=-1l 1s an attempt to perform some tempersture compensstion
for the base-emitter Junction of G-1, Its effect is to hold the output dc
level change with temperature to less than 1 mV/°C. Typically, over the
temperature range 20 to 75°C, the cutput level changes less than 25 mV.
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PERFORMANCE

A Hewlett-Packard 215A pulse generator and a Tektronix 661 sampling
oscilloscope were used to obtain the performance characteristics of the
amplifier, The rise and fall time of the amplifier output are shown in
Fig. 3. Figure U4 shuws the amplitier output as the input volitege 1s chaenged
from 10 mV to 100 mV, then to 1.0 V. The overshoot on the saturated output
pulse is due to @ischarge of the capacitance of the zener diode (CR-3). A
plot of the rise and fall times with output amplitude is shown in Fig. 5.
The rise and fall times are both about 1 nsec up to an output amplitude of
1,0 V. A gain linearity curve is shown in Fig, 6, At the 1.0 V output
smplitude, departure from linearity is less then 10%.

The noise level was measured with a Boonton Model-~91E RF voltmeter,
which has a bandwidth of 50 KHz to 500 MHz, The equivalent noise level at
the input was typically about L0 uV,

REFERENCES

1.

A l-nsec RISETIME AMPLIFIER WITH DIRECT COUPLING, H. G. Jackson, UCRL-11819,
November 25, 1964, also Nucl. Instr. and Meth., 33 (1965) 161.
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(a) (b) {e)

Fig. 2. Rige and fall time of the amplifier output.
(a) Output pulse - horizontal sweep = 5 nsec/cm; vertical = 50 mV/cm.
(b) Rise time - horizontal sweep = 0.5 nsec/cm;'vertical.s 50 mV/cm.
(¢) Fall time - houizontal sweep = 0.5 nsec/om; vertical = 50 mV/cm.

(a) (v) (e)

Fig. 3. Amplifier outputs
(a) Input voltage = 10 mV; horizontal sweep = 20 nsec/cm; vertical = 20 mV/cm.
(b} TInput voltage 100 mV; horizontal sweep = 20 nsec/cm; vertical = 200 mV/cm.
(c) Input voltage = 1.0 V; horizontal sweep = 20 nsec/cm; vertical = 50C mV/cm.

Il

i
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COUNTING NOTE

PULSE _RESPONSE CF COAXTAL CABLES

1. ABSTRACT

For most cables useful in counting work, attenuation below approximately
1000 me is due mainly to skin-effect losses and varies as the square root
_of frequency. For such cables the step-function response has a rise time
that varies as the square of the attenuation at a given fregquency. Curves
are given to aid in the selection of cables for transmitting nancsecond
pulses,

II. STEP FUNCTION RESPONSE

Mathematically ideal, lossless coaxial cables can be shown to transmit
electrical pulses in the TEM mode without attenuation or distortion, How-
ever, all physically realizable cables have losses, the magnitude of which
changes with frequency. Pulses transmitted through such cables suffer both
attenuation and distortion, By means of the Laplace transform, the nature
of the distortion can be calculated if the attenuation and phase-shift are
known at all frequencies. In most of the cables presently useful in count-
ing work, skin effect losses in the conductors are the predominate losses
below about 1000 me, Skin-effect losses produce an attenuation whose
magnitude in decibels varies as the sgquare-root of frequency. This results
in a step function response of:

_ b £
Fout ™ Pin (1 - erf 3 2 it-jfj)
where
out - voltage at distagce,Q from input end of semi-infinitely long
uniform cable,(1l) at time t (seconds).
Ein = amplitude of step of voltage applied to input of cable at
time t = O,
X = distance from input end in feet,
b = constant for the particular cable in question,
- - 1
= 1.45 x 1078 4 - feet™! sec?
A = attenuation of cable at 1000 me - db/100 feet (attenuation
figures for coaxial cables are commonly quoted in these units).
erf = error function(z)
97" = transit time of cable defined as the value of t at which the

voltage at £ first begins to change (considering only the step
function occurring at t = 0, of course).

(1)

With negligible error in most cases E0 4 cen be taken as the response at the
receiving end of a cable of length.f, ¥érminated in a resistor equal to its
characteristic impedance.

(Z)As defined in Reference 1, p 256,
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Fig. 1 may clarify the nomenclature involved in this relation,

YA -

w £ ou r_/’—'

= Lr'”v ———e é:ddr — ————

Fig, 1 - This illustrates the space relation between Ein and Eout'

A normalized curve of Ey,t/Eip is shown in Fig, 2. The abscissa is
plotted in units of Tp, the 0-50% rise time, In other words, T, is the
value of (t -7} at which Egut/Bin = 1/2. For cables whose attenuation
varies as the one-half power of frequency, it is convenient to calculate
T, as:

2
_ =16 2 2 _ b _{
T0 = 4,56 x 10 L% X seconds (= {10.674é] ).
It is evident that T, varies directly as the square of the total
attenuation of the length of cables, Cables of different sizes or types
may therefore be compared for rise time in terms of A, their attenuation
at 1000 me, Figures of A for most commercially available cables are
given in CC 2-2,

In cases where: a) the attenuation is known only at a frequency
other than 1000 mc; or b) the frequency dependence of attenuation departs
somewhat from the 1/2 power law (say, where a = constant . fP, in the
region 0.4 < n < 0,7) T, may be calculated:

4.56 x 1077 aﬁ e

To - f

where

attenuation of cable at frequency f - db/100 feet,

f = frequency - cycles,
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In case a) the nomogram of Sec. VII CC 2-2 may be useful, In case b),

it has been empirically determined that reasonably accurate resulis

are obtained where f is the frequency at which the total attenuation

(i.e., ap £/100) of the cable is 6 decibels, Substituting ap .£/100 = 6 db
into the above gives the useful relation

~
T, = 1/6f6
where
f6 = frequency at whiech the total attenuation of the length of

cable in question is 6 db,

The times to reach other precentages of the input step amplitude are given
in Table I,

.
TABLE I
RISE TIME CONVERSION FACTORS
0 to X £ rise time
X TO
10 0,17
20 0,28
50 1.0
70 3.1
80 7.3
90 29,
95 110,
The 10 to 90% rise time is thus (29 - 0.17) T, = 28.83 T .

IMPULSE RESPONSE

The response to an impulse (delta function), of a cable having
decibel attenuation proportional to the square-root of frequency, may
be obtained by differentiating E,,t above, As with the step-function
response, the Impulse response can be represented by a universal curve,
that of Fig. 3. The area under this curve (coulombs) is conserved as
the pulse travels along the cable., Thus, the pesk amplitude of the
response varies as

1 a 1
b2 ¢ e
and the time between, for example, the half-amplitude points, varies as
b2 Q?. The peak amplitude occurs at 0.152 To'
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RESPONSE TO OTHER PULSE 3SHAPES

It will be noted that, since the rise time T_ is proportional to ,ﬂg,
if two equal lengths of a given type of cable are cascaded, the rise time
of the combination 1s four times the rise time of either length alone,
This is in contrast to the well-known case of amplifiers of "Zaussian™
frequency response, in which the rise time varies as the square root of
the number of identical sections. For this reason, and also because the
characteristic step-or impulse-function responses of cables and of
"Gaussian" amplifiers are so different, the rule-of-thumb that the over-all
rise time = V/sum of squares of individual rise times is not applicable
either with cables alone, or where cables are combined with Gaussian
elements, Instead, the overall response of a system with cables and
other elements may b? obtained graphically or with the standard con-
volution integrals(3 using either the step-or impulse-function response
of the cables, '

BECTANGULAR PULSE RESPONSE, CLIPPING LINES

The response of a cable to a rectangular pulse of a duration T can
be found by a simple appiication of superposition. The rectangular pulse
is considered to consist of a positive step-function at t = 0, followed
by a negative step-function at t = T, The amplitude reduction of such a
pulse as a funetion of the distance it has traveled along the selected
coaxial cables is shown in Fig.s 5, 6 and 7. Fig. % includes a curve
showing the time-stretching of the ocutput pulse with respect to the input
pulse, "By sultably changing the length scale in the way indicated on the
figure, the two curves of Fig., 5 can be applied to any pulse duration and
any cable for which attenuation varies as the square root of frequency.
The amount of time-stretching of any output pulse can therefore be deter-
mined from Fig. 5 by knowing the value Eout/Ein for the pulse, where E N
is the peak amplitude of the output pulse, and Ej,, is the amplitude
of the input pulse,

The relative merits of various coaxial cables as conductors of pulses
from multiplier phototubes or other current generators can be estimated
from the curves of Fig. 6 which are replotted from Fig. 5. Use_Fig, 6a
for pulges of T = 10-8 second; éb for T = 10-9; 6¢ for T = 10-10, " Note
that the input is a rectangular current pulse of 1 ampere amplitude. At
the input end of the cable, therefore, the voltage amplitude of the
rectangular pulse is Zg volts, where Zo is the characteristic impedance
of the line. The curves show, for example, that for an input current
pulse of T = 10~9 second, the peak voltage of the output pulse at the
end of a 75 foot run of RG 114 would be the same as that at the output
end of a 75 foot run of RG 63, even though the voltage developed at the
input end of the RG 114 would be 185/125 times the voltage at the input
of the RG63.

(B)Reference 1, pp 112-120
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In Fig, 7 are shown some specific output pulse shapes together with
the lengths of commonly used cables that give the corresponding output
pulse shape for an input pulse of T = 10-9 second., These pulse shapes
were determined from Fig. 2 in the way mentioned above.

The curves of Fig,s 5, 6 and 7 also apply(A) to clipping lines if
the input is a step-function and T = 2 times the electrical length of the
clipping line. This is true whether the clipping line is located at the
input or output end of the transmission line. The minimum 0-100% rise-
time of a clipped pulse is 0,15 To. Clipping lines of electrical length
less than 0,075 T, will not decrease the rise-time, but will only decrease
the amplitude of the output pulse,

The curves and data are intended to present the properties of the
coaxial cables, and therefore do not include the effect of quantities
that depend on the way in which the cables are used. Examples of such
quantities are the rise-time of multiplier phototube output pulses and
imperfect cable terminations. The curves and data also do not take into
account the inevitable small variations of characteristic impedance along
the line, These impedance variations will generally degrade the rise-
time of the output pulse by reflecting portions of the faster rising
parts of the pulse being transmitied.

EXPERIMENTAL VERIFICATION

Photographs of the responses of several cable types to step-function
inputs are shown in Fig, 8. These photographs were all taken from dis-
plays on a DuMont K1056 cathode ray tube connected as shown in the block
diagram of Fig. 8, Fig. 8a shows the step from the pulse generator
delayed only by 25 nanoseconds of cable inserted at A-A in Fig. 9. The
rise time of the pulse generator-oscilloscope combination is about 0,45
nanosecond, and therefore obscures the shape of the leading edge of the
waveform of some of the better cables, The typical 1 - erf shape is
plainly seen in Fig. 8f, for RG 63,

(A)Provided the clipping line is short enough that its attenuation may be

neglected,
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Step-function response of transmission lines for which decibel attenu-
ation varlies as the square root of frequency. The time Ty is defined
as the interval measured from the start of the output pulse to the
point at which Egut = 0.5 Eijn. To depends on the transmission line
parameters; the relation for coaxial structures with negligible di-~
electric loss is given in the figure. 1In Fig. 4, T, is plotted as &
function of cable type and length,
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|
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|
O L ] | 1
0 2To 4To 6 To 8To .0To .2 To
TIME - (To = 4.56 % 10" A% £%)
Fig, 3

Delta-function response of transmission lines for which attenuation
varies as the square-root of frequency. As given in the text, A is
the attenuation in db/100 feet at 1000 me, { is the cable length in
feet, and D is the volt-second product of the input delta function,
This curve is the time derivative of the curve of Fig, 2,

GUCL 55B/U
-8 /;$KI98
10 ~ i T =
10-9
To -
SECONDS
Teml

1O 20 40
CABLE LENGTH-FEET

Fig. 4
Calculated variation of TO with cable length for typicallcoaxial cables,
To obtain the values of T, for other cable types see CC 2-2B.
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Fig. 5

The time-stretching and amplitude-reduction of an originally rectangular
pulse plotted as a function of A, the attenuation of the cable at 1000 me
in db/100 ft.; £, the length in feet; and T, the duration of the input
pulse in seconds. Attenuation figures may be obtained from CC 2-2B, As
an example, for RG63, A is 7 db/100 ft. Thus if T were 109 sec, and R
were 100 feet, the chart should be entered at an abeissa of 700,
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Fig. 6(c)

Peak amplitude of the output veltage pulse from seme typlecal coaxial
cables as a function of ecable length, The assumed inputs are rec-
tangular current pulses of 1 ampere amplitude and durations of 10’8,
10-9 and 10710 seconds, These curves ars all replotted from Fig., 5
with suitable scale changes,
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b, G 9t fp = 51 3 d = 200 mus. £, EG 631 Zg = 125 ; d = 300 mus.
(RG 8 gives same response,) (21=342 and 21-406 give same
réesponse,

. Styrofoam: Zg = 125 3 d = 258 mus,

d. Andrews Zo = 52 ; d = 326 mus. he C3T: Z5 = 197 5 d = 300 mus.

Fig. 8. Photogriphs of the leading parts of pulses before and after transmission
through some coaxial transmission lines used ia counting work. all photographs
taken with Dumont K1056 cathode-ray tube. &) Pulse applied to input end of transe
mission lines. b-h} Pulse appearing at output end of iransmission line; d = elec=
trical length in millimieroseconds. Frequency of timing wave is 1000 me. Trace
g) replotied from Fig, ib to about same time scale as other traces of this series,
Part of the upward tilt is caused by cathode-ray tube distortion. An estimate of
the amount of this distortion ¢an be made by referring to the three traces in a),
where the lower trace is a zero reflerence.
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Fig. 9. Block disgram of equipment used to teke the cable response photographs
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COUNTING NOTE

PHYSIGAL CHARACTERISTICS OF COAXIAL CABLES

Listings of some of the physical properties of certain commercially
available coaxial cebles and delay lines are given, The cables listed are
those considered to be most probably applicable to counting work. Most of
the numbers are taken from manufacturer's literature,

Following the cable listings is a section in which other properties and
characteristics of dielectrics and coaxial transmission lines are given.
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SPECIFICATIONS OF COAXIAL CABLES MOST OFTEN USED FOR COUNTING PURPOSES.

Numerical values are derived from manufacturers literature.
where different manufacturers give different numbers either an average
value Is given or else the range of values is indicated.

In cases

Cable type no. Zo Cap. ﬁ=v/c Diam. Quter - Conductor! Inner - Conductor
ohms |pf/ft vel. over- |i.d. Type o.d. Type
prop. all (in.} (in,?}

YK198 16 103 0.647] 0.566 0.416 0.300 C
RG-8 52 29.5 0.659 0.415 0.285 0.085 STR
RG-9 50-51| 30 0.659] 0.430 0.280 s5C-C 0.086 STR
RG-19A 52 29.5 0.659 1.135 0.910 c 0,250 S0L
RGUCL 55B/U 50 ~26 ¢.788] 0.206-16 0.090 TC-TC 0.040 STR
RG-55B 53.5 |~30 0.659] 0.206 0.116 TC-TC 0.032 S0L
RG-58 & 58B 53.5 28.5 0.659; 0,200 0.116 TC 0.032 S0L
RG-58A4 & 58C 50 ~29.95 0.659| 0.199 0.116 TC ~(0, 036 STR
RG-62 & B2A 93 13.5 0.84 0.249 0.146 C ~0, 030 CWw
RG-63 & 63B 125 10 0.384 0.415 n.285 ~0, 030 CW
RG-114A 185 6.5 G. 84 0,405 0.285 0.007 S0L
RG-174 50 ~30 0.659| 0.105 0.060 TC 0.019 STR
RG-188 50 29.5 0.659; 0,110 0.060 sC 0.018 STR
RG-196 50 28.5 0.659| 0.084 0.034 5C 0.010 STR
C3T 197 5.4 0.85 0.64 0.472 C 0.015 STR
21-406 125 10 0. 84 0.530 Q. 285 TC-C 0.030 SOL
6244 125 9.3 0.84 0.140 C 0.012 SOL
Foam Heliax

i/2m 50 0.79 Note #1 csC 0.158 TUB

T/8" 50 0.79 Note #1 cse 0.313 TUB
Spir-o-Line 125 ~9 0.9 0.875 0. 84 AS 0.082 SOL
Styrofoam

1k 125 8.2¢ 0.99 (~1.60 ~1.54 Foil 0.188 TUB

2n 125 8.2¢ 0.99 [~2.10 2.05 Foil 0.250 TUB




(continued)
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Cable type no. Diel. Kerr. Attenuation Rise-time Remarks
Mtr’'l 100 Mc 1000 Mc T0
dh/100 ft. ns.

YK198 P 2.39% | 4.1-4.6[13.2-14.6] .78 - .97 |Al coated Mylar
wrapped around
inner braid (Bel.)

RG-8 2, 3% 2.1 8.0-9.0 .29 - a7

RG-9 2.3°% 2.0-2.3| 7.3-9.0 .24 - .37 |Double shielded 8/U

RG-194 2. 3% 0.69 3.6 . 59 Limited flexibility

RGUCL 55B/U FP 1.61°| 5.0-5.2|15.9-16.4/1.16 - 1.24|pouble Shielded, (C)

RG-55B 2. 3% 4.8 ~16,9 1.27 - 1.32|Double Shielded.

RG-58 & 58B 2. 3¢ 4.6-5,4[17.8-20 1.5 - 1.8

RG-584 & 58C 2. 3% 5.4-6.2| 20-24 [1.8 - 2.8

RG-62 & 62A SSP 1.42% 1 2.7 8.7-9.0 .35 - .31

RG-63 & 63B SSP 1.42%( 2.0 6.5 .19

RG-1144 SSP 1. 35°% 2, .39 Amphenol

RG-174 2. 3¢ 9.0 30.0 4.1

RG-188 2.38 11. 4 31.0 4,4 Amphenol

RG-196 T 2. 3% 13.8 46.0 9.6 Amphencl & Microdot

c37T PSB 1,18 1.9 7. 6k .44 Transradio

_ UCRL Specs (5Z9611)

21-406 sSSP ~1.5 1.99 6.4 similar to 63/U
Triaxial.

6244 SSP ~1.4 4.7% 15° 1.0 ITT Surprenant

Foam Heliax

172" 1.6 0.81 3.33 0.051 Andrews. Min Rad 5°
T/8™ 1.6 0. 47 2.00 0.018 Andrews. Min Rad 10"
Spir-o-Line PT 1.25 | ~0.8 1.4° . 0093 Prodelin
Styrofoam
1% STY ~1.03 0.25 0.8 .0016 See (UCRL-3579)
ar STY ~1.03 0.2 0.6 .0029 See (UCRL-3579)




DIELECTRIC MATERIAL CODING

FP --wccmmno Polyethylene foam
S Polyethylene

PC ---~----- Polyvinyl chloride
PS -=---=---- Polystyrene

PSR ~-e--wn- Polystyrene beads
PT ----c--n- Polyethylene tubes
SP -em--m-a- Polyethylene spiral
SEP ---w-=~~ Semi-solid polyethylene
ST ---=--==- Teflon Spiral

STY ------~- Styrofoam
R Teflon

TPS ------~- Polystyrene tape

TT -ccmm e~ Teflon tape

INNER AND OUTER CONDUCTOR CODING

Al ------- Aluminum

AS ------- Solid aluminum

C ----~--- Copper

CsC --~--- Corrugated solid copper

Cu --=----- Copper

CW ---v—- Copper weld

Foil -~---- Tin Cu foil wrapped & over-

lapped

8C --=---= Silvered copper

80L ------ So0lid

STR ~------ Stranded

TC ------- Tinned copper

TWB ------ Copper tubing

Note #1. Without jacket o.d. =
With jacket o.d. = 0.660

Note #2. Without jacket o.d, =
With jacket o.d. =

File No. CC 2-2C (4)

MANUFACTURERS CODING

0.540

0.980
1.100

Amphenol-Borg Electronics Corp.
Andrew Corp.

Chester Cable Corp.

Inter.Tele. & Tele. Royal
Inter.Tele. & Tele. Surprenant
Microdot Inc,

Prodelin

Transradio Ltd.

Belden

NOTE CODING

Calculated

Effective dielectric constant, 1/82
Measured at 400 Mc.

Measured in micromicrofarad per foot
Measured at 600 Mc.
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o RGI4
- 185 OHMS

' DOUBLE SHIELDED
~RG63
1 (21-406)
‘125 OHMS

‘RG63
(WITH AQUADAG,
o 21-342)
125 OHMS

RG8

Fig. 1. - A photograph of some £
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STYROFOAM
125 OHMS

STYROFLEX
50 OHMS

Tig., 2. Photographs showing the construction of some rigid and semi-
rigid coaxial transmission lines.



File No. CC 2-2C (7)

II-A. Cable types of possible use for counting purposes.

ARRANGED BY RG NUMBERS
0.D.of |Atten. @ Cap.

Cable Type Diel. Quter 1000 Mc |per foot
Number Zo Mtr’'l.| Jacket |db/100° i. Remarks

RG-5B/U 50 P 0.328 9.1 29.5 Replaced by 212/U

GA 75 P g.332 11.3 20

8 52 P 0.405 8. ¢ 29.5

BA 52 P 0.405 8.0 30.5 Replaced by 213/U
9 50 P 0,420 7.3 30

9A 50 P 0.420 9.0 30

9B 50 P 0.420 9.0 30.5 Replaced by 214/0
10A 52 P 0.475 8.0 30.5 Replaced by 215/U0
11 75 p 0. 405 7.8 20.5

11iA 75 P 0.405 7.8 20.5

12A 75 P 0.475 7.8 20.5 11A/U with armor

13 74 P 0.425 7.8 20.5

134 T4 p 0.420 7.8 20.5 Replaced by 216/U
144 52 P 0. 545 5.5 30,0 Replaced by 217/U0
17 52 P 0.870 4.4 29.5

17A 52 P 0.870 4.4 29.5 Replaced by 218/U
184 52 P 0.945 4,4 29.5 Replaced by 219/U
194 52 P 1.120 3.6 29.5 Replaced by 220/U
20A 52 P 1,195 3.6 29.5 Replaced by 221/U
214 53 P 0.332 43.0 30

22 95 P 0.405 8.7-h 16

228 g5 P 0.420 12.0¢ 16

34B T P 0.630 3.85 21.5

358 75 P 0.845 3.5 21 Armored.

RGUCL 55B/U |50 FP 0.211 16.0 26 Made to LRL Spec.
55B 53.5] P 0.206 | 16.7 28.5 Replaced by RGUCL 55B/U
bTA 95 P 0.625 6.0-h 16
58 53.5 P 0.195 17.8 28.5
58A 50 P 0.195 24.0 29.5
58C 50 p 0.195 24.0 29.5
59 73 P 0.242 12.0 21
DIELECTRIC MATERIAL CODING NOTE CODING
FP----- Polyethylene foam. g------ Calculated.

P------ Polyethylene h------ Measured at 400 Mc.
PC----- Polyvinyl Chloride j------ Micromicrofarads per foot
S8P----8emi-so0lid Polyethylene k------ Measured at 600 Mc.
88T----Semi-solid teflon

T------ Teflon
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II-A. (Continued)

0.D. of | Atten, @ Cap.
Cable type Diel., | Outer |1000 Me | per foot
Number Zo Mtr'l, | Jacket | db/100! Je _Remarks
RG~59B/U 75 P 0,242 |12 20.5
62 93 S5SP 0.242 8.7 13.5
624 93 S5SP 0.242 8.7 13.5
628 93 S5P 0,242 7.3-h | 13.5
63 125 SSP 0.40%5 6.4 10
63B 125 SSP 0.405 6.4 10
T1A 93 SSP 0.245 8,7 13.5
71B 93 SSP 0.245 8.7 13.5
744 52 P 0,615 5.5 29.5 Replaced by 224/U
79B 125 | SSP 0.475 6.4 10 63/U with Armor,
874 50 | T 0.425 | 7.6 29,5 Replaced by 225/U
1084 78 P 0.235 |16.8-h |23.5
111A 95 P 0.490 112 16 22B/U with Armor,
114 185 SSP 0.405 5.dy 6.5 ¥at 200 Me.
1144 185 SSP 0.405 5.4 6.5 #at 200 Me,
115 50 T 0,375 7.3 29.5
1154 50 IT 0.415 7.3 29.5
116 50 T 0.475 7.6 29.5 Replaced by 227/U
117 50 T 0.730 3.6 29 Replaced by 211/U
119 50 T 0.730 3.6 29
122 50 P 0.160 |29 29,5
140 75 T 0.233 |(12.8 21
141 50 T 0.190 |13.8 28.5
1414 50 T 0.190 [13.8 28,5
142 50 T 0.206 (13.8 28.5
1424 50 T 0.206 {13.8 28,5
143 50 T 0.325 9.6 28.5
143A 50 T 0,325 9.6 28.5
144 75 T 0.410 6.9 20.5
149 75 P 0.405 8.5~-h |20.5 Low loss 11/U
164 75 P 0,870 3.5 21 35 B/U less Armor,
1784 50 T 0,075 |46 28.5
1494 75 T 0.105 24 19.5
DIELECTRIC MATERIAL CODING NOTE CODING
FP-----Polyethylene foam B Caleculated.
P Polyethylene hrw—e e Measured at 400 Mc,
PG———m-- Polyvinyl Chloride Jo————- Micromicrofarads per foot
SSP———-Semi-~solid Polyethylene k------Measured at 600 Mec.
S5T——--Semi-so0lid teflon
T Teflon
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II-2, (Continued)

0.D. of |Atten. @ Cap.
Cable type Diel. Outer 1000 Mc | per foot
Number Zo Mtr’l.| Jacket |db/100’ j. Remarks
RG-180 93 T 0.141 17 15
1804 95 T 0.145 11 15
187 75 T 0.110 24 19.5
188 50 T 0.110 31 26
195 85 T 0.155 17 15
196 50 T 0.080 46 28.5
209 50 SST 0.750 2.5-h 26.5
210 95 SST 0.242 7.0-h 13.5 Formerly 62C/U
211 50 T 0.730 3.6 29 Formerly 117/0
212 50 P 0.1332 9.1 29.5 Formerly 5B/U
213 50 P 0.405 8.0 29.5 Formerly 8A/U
214 50 P 0.425 8.0 29.5 Formerly SB/U
215 50 P 0.475 8.0 29,5 Formerly 104/U
216 75 P 0.425 7.8 20.5 Formerly 13A/U
217 50 P 0.545 5.5 29.5 Formerly 14A/U
218 50 P 0.870 4.4 29.5 Formerly 17A/U
219 50 P 0.545 4.4 29.5 Formerly 18A/U
220 50 P 1.120 3.6 29.5 Formerly 19A/U
221 50 P 1.195 3.6 29.5 Formerly 20A/U
222 50 P 0.332 43.0 29 Formerly 21A/0
223 50 P 0.216 16.7 29.5 Formerly 55A/U
225 50 T 0.430 7.6 29.5 Formerly 87A/U
226 50 TT 0.500 3.5-h 29.5 Formerly 94A/U
227 50 T 0.490 7.6 29.5 Formerly 116/U
K-113 35 FP 0.185 12-h 30
60-3905 30 PC 0.045 65
YK 198 16 P 0.566 13.2 103 Mfr:
Belden
DIELECTRIC MATERIAL CODING NOTE CODING
FP----- Polyethylene foam e------ Calculated.
P------ Polyethylene h------ Measured at 400 Mc.
PC----- Polyvinyl! Chloride j------ Micromicrofarads per foot
SSP----8Semi-so0lid Polyethylene k------ Measured at 600 Mc.
S58T----8emi-solid teflon
T------ Teflon

TT----- Teflon tape
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II-B. Cable types of possible use for counting purposes,
MINIATURE TYPES
(Those with 0.4, less than or equal to 0,190 inches, )
0.D. of[Atten, @ Cap.
CABLE TYPE Diel, | Outer (1000 Mc [per foot
NUMBER MFR, | Zo | Mtr'l.| Jacket [db/100’ Je REMARKS
RG-122/U 50 | P 0.160 |29 29,5
RG-141/U 50 | T 0,190 |14 28,5
RG-141A/U 501T 0.190 |14 28.5
RG~174/U 50 { P 0,100 {18-h  |29.5
RG-1784/0 50 | T 0,075 |46 28,5
RG-179A/U 75 (T 0,105 (24 19.5
RG-180/U 93 | T 0,141 (17 15.5
RG-1804A/U 95 |T 0.145 |17 15
RG-187/4 75 | T 0.110 (24 19,5
RG-188/U 50 |T 0,110 31 29
RG-195/U 95 | T 0,155 |17 15
RG-196/U 50 |T 0.080 [46 28,5
_21-597 Amp, {75 P 0,150 (l2-h 20
60-3905 | M, 30 |T 0.045 65
MANUFACTURER CCDI NG
Amp, —=——e- Amphenol
M, —rmm e Microdot
DIELECTRIC MATERIAL CODING
Pecemeemmen Polyethylene
B Teflon
NOTE CODING
h=r———————] Measured at 400 Mc,

j======wwu--Capacity is in micromierofarad per foot,
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II-C., Cables types of possible use for counting purposes.

RIGLD AND SEMI-RIGID CABLE TYPES

0.D. of |Atten, @ Cap.
Cable Type Diel, | Outer [1000 Me |per foot
Number Mfr,| Zo | Mtr'l,} Jacket |db/100' 3. Remarks
21-592 [Amp,.| 50 | P 0.325 | 7.6 29.5 8/U with solid Cu Shield.
21-606 | Amp.| 50 | P 0.325 | 7.6 [29.5 8/U0 with solid Al shield,
21-607 | Amp.| 75 | P 0.325 | 7.5 11/U with solid Al shield,
421-608| Amp,| 50 | T 0.325 | 6,2 874/U0 with solid Al shield.
421-609| Amp.| 75 [ T 0.325 | 6.0 144/U with solid Al shield,
FH4 An, | 50 | FP 0.540 | 3.33 Corrugated solid Cu shield,
Minimum radius 5",
FHJ4 An, | 50 | FP 0.660 | 3.33 Corrugated solid Cu shield,
Minimum radius 5",
FH5 An., | 50 | FF 0.980 | 2,00 Corrugated solid Cu shield,
Minimum radius 10",
FHJS An, | 50 | FP 1.100| 2,00 Corrugated solid Cu shield.
Minimum radius 10",
RG-268/U H3-50 |An, | 50 | SP 0,500 | 5,00 Corrugated solid Cu shield.
Minimum radius 5%,
RG-269/U0 H5-50 |[An, | 50 | SP 1,005 1,07 Corrugated solid Cu shield.
Minimum radius 10",
RG-285/U H5-100 |[4An, (100 }ST 1,005 1.07 Corrugated solid Cu shield.
Minimum radius 10",
RG-270/U H7-50 |An. | 50 | SP 1.830| 0,79 Corrugated solid Cu shield.
Minimum radius 207,
H7-100 |An. |100 [ SP 1.830 | 0.79 Corrugated solid Cu shield.
Minimum radius 20",
- Prod|125 | PT 0.875, 1.4-a | 9 Solid Al shield,
Styroflex P-D | 50 | TPS 0.875} 1.6 22 Minimum radius 10°,
Styroflex P-p | 50 | TPS 3.125] 0.5 22 Minimum radius 50",
Styrofoam UCRL {125 | SF 1,500 0,8 UCRL Spec, (3597).
Styrofoam UCRL (125 | 8F 2,000 0.6 UCRL Spee, (3597).
DIELECTRIC MATERIAL CODING MANUFACTURERS CODING
FPee——- Polyethylene foanm. Amp----Amphencl-Borg Electronics Corp.
P=—===- Polyethylene, An————- Andrew Corp.
PT——mrm Polyethylene tubes. P-D----Phelps-Dodge Electronics Products Corp.
SF————- Styrofoam PROD---Prodelin Inec,
Sp-———- Polyethylene spiral, UCRL~--U,C. Radiation Laboratory Specs.
SPe=m-w-Teflon gpiral
Tre—m—e Teflion
TPS----Polystyrene
NOTE CODING INNER & OUTER CONDUCTOR CODING
Gmm e Caleulated Al =mmm Aluminum

jm———] Micromierofarads per foot Ca=wm—— Copper
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1, DELAY CABLES
Band- |D.C, Inner | Loss Min,
Zo Delay |width [ohms |0,D, |Cond. |Imsert.|Max. jRadius
Cable Type Number | Mfr, |+ 10% a. b. ft. |inch | AWG c. volts |inches
——
RG-266/U HH1500A | CTC |1500 {0.08 |15 30 | 0,40 129 0.20 5000 2
HH1600 | CTC (1700 |1.0 6 80 (0,28 |38 0.490 300 3
RG-176/U [HH2000 CTC [2400 |0.11 15 70 10,40 (32 0.25 5000 2
HH2500 CTC | 3000 |0.60 8 125 (0.28 |38 0.30 500 3
HH4000 | CTC |3900 (1.0 6 g5 (0,32 |38 0.20 1000 4
654 Royal| 950 |0.043 0.415|32 3000

a) Microsecond per foot, plus or minus 10%,
b) Band-width at one microsecond delay.
e¢) db loss per microsecond delay.

MANUFACTURER CODI NG

CTC) Columbia Technical Corporatioen,
Royal) Inter, Tele. & Tele. Royal
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1V, Temperature coefficient of length of certain cables.

RG 8, 63, 87A. The temperature coefficient of electrical length is a
function of temperature,but near room temperatures, the coefficient is
essentially a constant. Measured values are tabulated below.

Cable type Temp. coeff, In temp. range

RG 8 ~2% 10“3 +20% to + 502(:*
63 ~1><10'4 - zo0 to+50°C
87A ~1X10~ - 60 to+50°C

* Not measured below + ZODC.

A 100 foot length of RG 63 will therefore change its electrical length
about 0.0]12 millimicroseconds per degree antigrade.

UCRL Styrofoam: Measuregnents showed the temperature coefficient
to be within + 2 X 1077 g)a.rts per %. (The linear expansion of the copper
conductors is + 2X 10”~ parts per C}.

V. Noise

"Internal noise' - Owing to manufacturing tolerances the characteristic
impedance of a coaxial cable varies aloung its length. When a pulse travels
along the line, reflections are generated by the changing impedance levels,
The signal at the output, then, consists of the original pulse followed by a
series of smaller, internally generated pulses, the latter referred to as -10
"internal noise. ' When a pulse from a mercury pulse of risetime < 5X10
is transmitted along a cable such as RG8 or RG 63, the amplitude of the in-
ternal-noise pulses observed is of the order of 1% of the amplitude of the
initial pulse, when the observing instrument has a risetime of ~1077 seconds
(517" scope-direct connections to deflecting plates). Cables having closer
mechanical tolerances (e.i., Styroflex) exhibit internal noise of smaller am-
plitude relative to the signal pulse.
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- 1db/100 ft 1.0 10 80

@ 400 MC

a -- ATTENUATION AT INDICATED FREQUENCIES (db/100 feet)

RISE TIME CONVERSION FACTORS

For pulses of the shape shown in Fig. 5 of CC2-1, the rise times from
0 to i% can be expressed as multiples of T, where Ts is the 0 to 50% rise
time. Pulses of this shape are generated when step-function waveforms are
applied to th7 inputs of transmission lines for which attenuation varies as
(frequem:v,r)1 Z (See CC2-1)

0 to x% rise time

T
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70
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95
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The 10 %o 90% rise time is thus (29 - 0,17) T, = 28,83 T .
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M-12132

A single straight line intersecting the four vertical scales
represents a possible coaxial transmission line. Known

points on any two scales may be used to define the location
of the line.
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VIII. Transmission line formulas

1. Zo - characteristic impedance of coaxial lines with perfectly conducting
conductors

< [E L D
Zo J: o jnE 3 ohms

For dielectrics for which p = pg (this includes the commonly used

dielectrics)
_ 377 D _ 60 D
Zo * Za4R 1M q - JK In, ~q
- 138 D
=K B0 d
where
p = permeability of dielectric - henrieg'meter
Wy = permeability of vacuum
T 4rx 107 henry/meter
¢ = permittivity of dielectric - farads/meter
€, = permittivity of vacuum
¥ 32“ x 1077 farads/meter
K = dielectric constant
- £
= o
D = inside diameter of outer conductor
d = outside diameter of inner conductor

The impedance of a transmission line having distributed inductance
(L - henries per unit length) and distributed capacitance (C - farads
per unit length) is, neglecting the effects of conductor resistance,

2, v - Velocity of propagation of transmission-line waves (TEM mode)}

R meters/second

e

where p, ¢ are respectively the permeability and permittivity of the
dielectric,

For dielectrics for which p = Ko
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3k

3x108
K

meters/second

¢ = velocity of propagation in vacuum.

Along & transmission line having distributed inductance {L - henries per
unit length) and distributed capacitance (C - farads per unit length)
the velocity of propagation is

1

Vit

L, C-~- Distributed inductance and capacitance,

L —

Zo
L = henries per meter
z

= 1.01 ﬁo x 10”2 microhenries per foot

C = zl farads per meter
N 3
_ 1.0l x10 . . £ d £
= BZo micro microfarads per foot
For coaxial lines:
= Tzoﬁji;}—i;i/—d- micro microfarads per foot
1

L 0.14 (—}-‘L% loglo -g— microhenries per foot
8]

a - Atlenuation. Two important causes of attenuation are losses in the
conductors and losses in the diclectrics,

Attenuation due to conductor losses

a. -
- : n (o
. = 0.43x 10 3JT'(1 D+l d) r—ﬁ- db/100 feet
C Zos ag
D,d = outer, inner diameters-inches
f = frequency - cycles per second

. . 8
# The effective figure 3 x 10° meters/sec for the velocity of electrornagnetic
waves in free space is a commonly uscd approximation. A .nore accurate fig-
ure is 2.9977 x 108 meters/sec.
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o _ = conductivity of copper

8

= 1.724 x 10”3 ohm meters (annealed copper @ 20°C)

effective” conductivity of metal used for conductors - ochm

g =
meters
For solid metals - Silver Gopper Aluminum Brass Solder
1[0(:/0 0,97 1,00 1.25 1,93 2,86
B on Attenuation due to dielectric losses

For cables with solid dielectric,

- -1 LT,
an = 2,8 x 10 N"T{ db/100 feet
{independent of Z,)

where

¥
n

Dissipation factor of dielectric

it

K x power factor of dielectric

[Ny
L)

T, - Rise time of cable. T, is the time for the output pulse to rise
from O to 50% of the amplitude of step-function applied to input. See
the table on p,23 to find values of rise times defined in different ways,
The equation given below is valid for output pulses having frejuency
components predominately in the frequency range where the attenuation
a is due mainly to losses in the conductors (i.e., e¢¢ >> ap) and there-
fore varies as (frequency)1 2,

2
. -
Ty = E.b?-ﬁl; seconds

4 = length of cable in feet
b = cable loss factor
= 1,45 % lO_8 A - feetﬂl sec%
a = cable attenuation feet at frequency
f - db/1C0 feet
f = frequency - cycles per second,

The effective conductivity of an actual conductor may differ from that of
the solid metal owing to surface imperfections and discontinuities in braids,
etc., and impurities.
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COUNTING NOTE

NANOSECOND - PULSE TRANSFORMERS, ATTENUATORS, AND TERMINATORS

ABSTRACT

The combination of high-freguency response and good sensitivity
inherent in most nuclear instrumentation equipment gives rise to the
need for close attention to impedance matching between various units
and to terminating coaxial cables. The variety of impedance discon-
tinuities encountered can usuelly be eliminated by the use of pulse
transformsers, attenuators, and/or terminators, The type of matching
most appropriaste in a given circumstance will depend upon considerations
and possibly compromises involving relative energy transfer, range of
frequencies involved and available signal levels,

This note describes a variety of pulse transformers, terminators,
and attenuators in use at LRL, Berkeley.

CHARACTERISTICS
A, Pulse Transformers

Impedance-matching transformers serve to inter-connect transmission
lines of differing impedance with maximum energy transfer and small re-
flection, These transformers do not invert the polarity of the pulse
being transmitted, In general, the two connectors of the assembled
transformer are different; each being characteristic of the impedance into
which it is to be connected, One connector is male and the other female,
such that it can be inserted with ease even into an existing set up --
either connector may be used as input or output (see Fig. 1).

Inverting transformers are designed to be placed into systems of
identical impedance where it is desired to invert the polarity of the pulse,
The two connectors are of the same series -- one male and the other female,
Either connector may be used as input or output (see Fig, 1.

The electrical characteristics of pulse transformers are outlined in
detail in Table 1. In brief, they have rise-times of about 1/2 nanosecond,
approximately 1/2 psec magnetizing time-constant when terminated with the
impedance indicated and less than 5% insertion loss and reflection coeffi-
cient in a 1 nsec system., About 2% saturation of the core occurs with a
5 volt-psec (volts x pulse duration) pulse.

As with any coaxial system, those systems using transformers should be
terminated properly if reflections are to be avoided, OSince the transformer
is basically an inductor, it displays a "differentiating" time-constant
behavior-related to the particular impedance it is being used with, This
reactive nature causes response peculiarities associated with pulse rise-
time, pulse duration, and pulse repetition rate -- these items are discussed
in the Theory and Application section of this note.
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B. Uni-direction and Bi-direction Matching Units

These are impedance-matching resistive networks that properly termin-
ate a coaxial line of one impedance when coupled through the matching unit
t0 a line of a different impedance, By means of the matching unit, reflec-
tions at the junction of the two impedances are reduced to low values,

Two types of matching units are made, uni-directional mateching units
{UDM), which provide an impedance match at only one connector, and bi-direc-
tional matching units (BDM), which provide an impedance match at both
connectors,

The disadvantage of matching units over transformers is that a power
loss or attenuation is incurred, The advantage is that the response is
constant down to zero frequency. The amount of attenuation is listed in
its reciprocal form as voltage transmission coefficient in Table II, In
general, the UDM units have lower attenuation than the BDM.

Capacitive or inductive reflection components are less than 2% of the
original signal in a 1 nsec rise~time system. The maximum resistive
reflection coefficient which arises because of the 5% tolerances of the
resistors is listed in Table 11,

1, Uni-direction Matched (UDM): Uni-directional matched units pro-
vide a low-reflection impedance match at only one of its two
connectors when used as recommended, As an example, when a 125-
ohm cable is connected to connector 2 of UDMIA, its 125-chm
impedance in parallel with the 82-ohm resistor Rl, provides a
50-ohm input impedance at connector 1, thereby matching a 50-ohm
cable, However, with a 50-ohm cable connected to connector 1,
the input impedance at connector 2 is 50-ohms paralleled with
82-ohms, or 3l-ohms, which does not match the 125-ohm cable, Thus,
the vni-directional matched series is primarily designed to be
used with signals traveling into connector 1 and out of connector
2 (left to right as the diagram is shown - accompanying Table 11).

2. Bi-directional Matched (BDM): Bi-directional units provide a low-
reflection impedance match at both of its connectors when cables
of impedances Zl and 22 are connected respectively to connectors
1 and 2, '

C. Non-matched Adapters (M)

These provide convenient means of connecting coaxial cables having
different types of connectors, If the two cables are not of the same im-
pedance, reflections will occur at the adapter and the voltage transmission
coefficient will be other than unity. The transmission and reflection
coefficients for various combinations of impedances Z1 and 22 are listed
in Table IV,

D. Attenuators

These may be ingserted into coaxial lines of the specified impedance to
attenuate pulses, At either connector an impedance match to within 2% is
provided for lines of the specified impedance, The same attenuation is
obtained for signals traveling in either direction,

E. Terminators

These units contain one or more resistors to properly terminate coaxial
transmission lines of the specified impedance Z, Capacitive or inductive
reflections from the terminators are held to less than 2% in a 1 nsec rise-
' time system. Resistor values are held to within 2% of the figures quoted,
therefore the resistive reflection coefficient is less than 1%,
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Fig. 1 - Some Transformers and Attenuators in use at LRL, Berkeley
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TABLE I
NANOSECOND PULSE TRANSFORMERS
1 INPUT IMPEDANCE® INSERTION
TYPE DESIGNATION FUNCTION FEMALE MLLE DELAY
BNC BNC
T1 T1B-BB Inverting 50 Q 50 Q Act- 0.7 ns
BNC UCRL
Impedance 50 @ 125 @  Nom-
T2 T2B-BU Match 48,8 128 Q@  Act~ 0.4 ns
BNG HP
Impedance 50 @ 200 @  Nom-
T3 1T3B-BH Match 50 Q 200 @  Act- 0.6 ns
BNC HP
Impedance 50 Q 280 @ Nom-
T4 T4B-BH Match 53.6 Q 262 @  Act- 1.0 ns
UCRL UCRL
T5 T5B-UY Inverting 125 @ 125 ¢ Act- 0.7 ns
UCRL HP
Impedance 125 © 200 ¢ Nom-
T6 T6B-UH Match 124 Q 195 ¢ Act- 0.3 ns
UCRL HP
Impedance 125 Q 280 @ Nom-
T7 T7B-U0 Match 124 @ 282 @ Act- 0.5 ns
HP HP
200 Q or 200 Q  Act-
T8 T8B-HH Inverting 280 @ 280 @  Act- 0,7 ns

1The B, as in T1B, indicates the electrical characteristics of the basic core

and winding configuration (fractional nanosecond t, and ~ 1/2 usec magnetiz-
ing time-constant), Should changes be made in the basic transformer, succeed-
ing letters would be used, A T1C, for example, would have electrical char-
acteristics differing from those of the T1B - different rise-time and/or
magnetizing time-constant that would not necessarily eliminate the usefulness
of the T1B. The letters following the hyphen indicate connector types (female
to male) according to the following abbreviations:

Connector Type - Abbreviation

BNC - B
UCRL - U
HP - H
N - N
GR - G

12With opposite end properly terminated into its nominal impedance, Non-,
nominal - Act-, actual,
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TABLE 1
NANOSECOND PULSE TRANSFORMERS (Continued)
RESPONSE REACTIVE4
Rise Time Droop Time Constant REFLECTION PRINT
TYPE faqp  Upper f3qp  Lower COEFFICIENT  NUMBER cost?
0.5 ns 740 ns +13% PF-M
T1 700 Me 215 ke +13% M-F 14X1051 $ 6.80
0.5 ns 510 ns - 24 PF-M
T2 700 Me 312 ke - 3% M-F 14X1061 $ 7.20
1.5 ns 740 ns -25% F-M
T3 230 Mc 215 ke +10% M-F 14X1071 $ 6.80
2 ns 1000 ns +30%4 F-M
T4 175 Me 159 ke + 5% M-F 14X1081 $ 6.8
0.5 ns 400 ns + 2% P-M
T5 700 Me 400 ke + 24 M-F 14¥1091 $ 6.50
0.5 ns 520 ns -10% P-M
T6 700 Me 306 ke - 8% M-F 14X1101 $ 7.60
0.8 ns 520 ns ~15% F=-M
T7 440 Me 306 ke -104 M-F lAXll%l $ 7.60
0.5 ns 410 ns ~30%4 F-M -
T8 700 Me 388 ke 304 M=-F 14X1121 $11.10
3

+20% Due to manufacturers tolerance in permeability of core material,

4Transient reflection of pulse from Hg pulser detected in system with 0,35 nsec

response,

(This reflection 1s minimized and is in most cases negligible when
ineident pulse has a 1 nsee or longer rise-time,) F-M and M-F notation

indicates direction of incident pulse; i.e,, F-M indicates incident pulse
enters the female end of the transformer and exits the male end.

5

When ordered in substantial quantity.
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UNI- and BI-DIRECTIONAL IMPEDiNCI-MATCH ADAPTERS
(Uni-directional units provide an impedance match at connector 1 only.)

Arrows Indicate
Direction of

Voltage Transmission Joeff. #1 = E,/E, :}

Voltage Transmission Zoeff. #2 = El/'E3 Signal Travel
R2
Connector A A AN Connector
1 E[. g g :ﬂ 2
1 1 2
2 4 A %2
Connector 1  Connector 2 . Voltage Trans- Max, Voltage
Desig- 73 Zo Ry Ro mission Coeff, Reflection?
nation Type Type Ohms Ohms n7 #28 #1 #2
50 ¢ 126 o
UDMLA ¥ Fomale UCRL Fomale 82 0 1.0 0.4 012 -0,60
50 Q 200 ©
UDM2A N Femalo %P Male 68 0 1.0 0.25 026 -0,75
125 © 50 9
UDM3A UCRL Female N Femals 0 75 0.4 1.60 .016 0.61
125 ¢ 200 O
UDM4A TCRL Fomale P Male 330 0 1.0 0.3 013 -0,37
50 9 125 9
BDM1A N Fomale UCRL Femsle 62 100 0,56 0.22 .033 .032
125 9 200 o
BDMZA UCRL Female HP Male 200 120 0,63 0.39 -,028 - .026
50 © 200 ¢
BDM3A N Female TP Male 56 180 0.5 0.13 -, 037 .04

Values of voltage transmission and reflection coefficients are quoted under con-
ditions that cables of impedances Zl and 22 are connected respectively to connec-
tions 1 and 2,

7

Ratio Ez/E1 for signal traveling from left to right in diagram.

SRatio El/EB for signal traveling from right to left in diagram where Ej 1s signal

voltage applied to input of cable of impedance 22.
9Wbrst case with resistors of 5% tolerance.

General Equations Determining R, and R,

UDM Series: BDM Series: (Zl < Zz)
For Z, > Z,, R, = (z) - zz); R = B Z,

(z, 2,) A 2,/2,
For 2) <Zp By =77, -2 F %27 O r, =2V 1-2,/2,
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NON-IMPEDANCE-MATCHED ADAPTERS

Connector F—L' fﬁ Connector
1 - Tfj 2

DESIGNATION CONNECTOR 1 CONNECTOR 2
NM1 UHF Male UCRL 125 Q Male
NM2 UHF Male UCRL 125 Q Female
NM3 UHF Female UCRL 125 @ Male
NM4 UHF Female UCRL 125 @ Female
M5 UCRL 125 ¢ Male HF Male
NM6 UCRL 125 ¢ Female HP Male
NM7 UHF Male HF Male
NMB UHF Female HP Male
NMg UCRL 125 q Male Type N Female
MM10 UCRL 125 @ Female Type N Female

TABLE 1V

Voltage reflection and transmission coefficients at junctions of coaxial

cables of differing impedances,

Voltage transmission coeff,

Arrow indicates direction of signal travel,

x f ; e e -
El : Zl ] Y4 5 l 1‘32
y junetion H—
Voltage Voltage Voltage Voltage
Translo Ref'lection Trans, Reflection
Z, 2, Coeff, Coeff.11 Z,  Z, Coeff, coefr 11
50 125 1.43 0.43 185 50 0.43 -0.57
50 170 1.54 0.54 185 125 0.81 -0.19
50 185 1.57 0,57 185 170 0,96 -0.04
50 200 1.60 0,60 185 200 1.04 0.04
125 50 0,57 ~0.43 200 50 0,40 -0,60
125 170 1.15 0,15 200 125 0,77 -0,23
125 185 1.15 0.15 200 170 0,92 -0,08
125 200 1.23 0.23 200 185 0.96 -0,04
10 11
2 Z, (2, - 2;)
(21 + 22) (22 + Zl}
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TABLE V
ATTENUATORS
Connector -~ R%vv~~”—— - NFl . Connector
1 = T 2
E SR

1 2

Z 1 Z
VOLTAGE ATTENUATION,

DESIGNATION Z A= El/E2 CONNECTOR 1  CONNECTOR 2 R, R,
AlA 125 2 (6 db) UCRL Female UCRL Male 43 160
A2A 125 4 (12 db) UCEL Female UCRL Male 75 68

¥ With cables of impedance Z connected to both connectors.

Design formulas for other Z's and A's,
247 A-1
R,==—3~——; R, =12
2 (A2 - 1) 1 (A +1)
TABLE VI
TERMINATORS
Connector EZ; g
' $ R
]
TO TERMINATE
DESIGNATION CABLES OF Z CONNECTOR R
11 50,51,52 N Female 51
X2 125 UCRL Male 125
X3 125 UCRL Female 125
X4 197,200 HP Male 200

X5 50,51,52 BNC Msale 51
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THECHY AND APPLICATICN
A, Pulse Transformers

The pulse transformers described in this note have rise-time response
characteristics of sufficient quality that no special precautions against
ringing, reflection, or feedthrough are necessary when using them with pulses
of 1 nsec or longer rise-time, These characteristics are realized by virtue
of the response of the Ferroxcube Type 102 cores used and very careful
attention to specified winding geometry. /ppreciable reflections can be
detected in a 0,35 nsec system as indicated in the Reactive Reflection
Coefficient column of Table I,

A more serious consideration in the use of these transformers is the
effect of the low-frequency response of the transformer, The following
equivalent circuit will serve as a reminder of the basis of the low-frequency
behavior:

Ne  Ns

o O
+ As +

€p €5 § RL : . Lo g(_,\,_?)z

The equivalent ecireuit on the right has a "differentiating" or "droop"
time constant,

!
Dt

N
: - 232
. where R' = RS// (Ns) R,

H

For these transformers: Lm 0.44 x .'LO-6 X N§ henries,

- Zinput

L Zoutput Cable

Cable

R
$ (Each properly terminated}
R

The response of a differentiating circuit is pulse length, repetition
rate, and pulse rise-time dependent —-- ineluding ramifications due to
combinations of these factors.

Fig, 2 indicates the droop that would occur in e_ (egquivalent circuit
above) were e_ to be a pulse of approximately one P time-constant
duration. The overshoot below the initial base line is significant
and is the cause of the repetition rate sensitivity (envelope droop) apparent
in the photograph of Fig, 3. The exponential decay of the envelope in Fig, 3
shows that the rep-rate sensitivity problem is predictable for a burst of pulses
with uniform spacing. However, with random events the problem is more severe,
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Fig. 4 is a photograph of a single trace which is displaying a
gated burst of randomly spaced pulses, Fig. 5 is a multiple trace
exposure of the same condition -- it too is predictable, but only on
an average basis with random extremes far outside the excursion of the
fixed burst rate of Fig. 3. The photograph of Fig, é displays a
similar circumstance when the pulses are of a considerably narrower
width, thereby diminishing the degree of envelope droop.

The multiple exposure photograph of Fig, 7 displays the effect of
input pulse rise-time on output pulse peak amplitude. The photograph
is comparison of three pairs of input-output comparisons., Each pair
has a common initial rate of rise, but the output quickly droops off in
each case while the inputs all rise to the 4 cm level, each af its own
rise-time. Since the same circuit {differentiating time-constant)
applies to all three pairs, the varying outputs in the three cases are
attributable to the differing rise-times of the inputs, An exponential
type rise~time is used for this illustration and for a graph which
follows, The output pulse reaches its maximum value before the 90%
point on the input pulse, which results in this approximation being
independent of the input pulse width, provided the leading edge has
the exponential rise characteristic.

Figures 8 and 9 make it possible to determine at a glance if low-
frequency response problems are likely to be troublesome in a given
situation. In order to use these graphs, it is necessary to know only
the pulse shapes involved (usually known for p.m. tube bases or
electroni¢ circuits), circuit time constant (Droop Time Constant under
Response column in Fig, 1), and an estimate of the average frequency
within the burst of the pulse source,

From Fig, 8, the peak output amplitude can be established as a
function of the rise-time of the input pulse., From Fig. 9, the possibil-
ity of envelope droop as a function of input pulse width and the average
frequency within the burst can be determined.
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Sweep: 200 nsec/cm
Sens: 1 V/em

Pulgse Width: 600 nsec

Droop Time Constant of
Transformer: 600 nsec

Fig. 2

Droop Characteristie
of Pulse Transformer

Sweep: 500 nsec/cm
Sens: 2 V/em

Pulse Width: 40 nsec
Pulse Rep. Rate: 10 mec
Droop Time Constant of
Transformer: 450 nsec

Pig. 3

Envelope Droop Due to Transformer
For Uniformly Spaced Pulses

Sweep: 2 usec/cm

Sens: 250 mV/em

Pulse Width: 400 nsec

Pulse Bep. Rate: 830 kc Random

Droop Time Constant of
Transformer: 600 nsec

Fig. 4

Effect of Transformer Droop
On Randomly Spaced Pulse

Sweep: 2 psec/cm

Sens: 250 mV/cm

Pulse Width: 400 nsec

Pulse Rep. Rate: 830 kc Random

Droop Time Constant of
Transformer: 600 nsee

Fig. 5

Envelope Droop On Successive Bursts
0f Randomly Spaced Pulses
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Sweep: 2 psec/cm

Sens: 250 mV/cm

Pulse Width: 50 nsec

Pulse Rep, Rate: 1 mc Random
Droop Time Constant: 600 nsec

Fig. 6

Envelope Droop On Successive Bursts
Of Randomly Spaced Narrow Pulses

Sweep: 200 nsec/cm

Sens: 1 V/em

Input t,.: 25 nsec, 220 nsec, 550 nsec
Droop Time Constant: 600 nsec

Pig. 7

Effect of Input Pulse Rise Time
On Output Amplitude
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B. Si 1 Transmigsion

Fig. 10 summarizes the signal transmission characteristics specified
in the earlier tables. Since the various other coupling methods (Direct,
UDM and BDM of Fig., 10) do not have low-frequency response problems, they
may sometimes be preferred to the transformer for coupling between systems
of differing impedance. Notably, the straight-through method usually
gives close to the same transmitted signal as the transformer -- however,
it usually results in a large reflection which must be back-terminated to
avold multiple pulsing., The specific cirecumstances will allow ome to
decide which method of coupling to use.

C. Attenuators

When the load impedance driven by AlA and A2A attenuetors is some-
thing other than the intended 125 ohms, the attenuation likewlse varies
from the intended 2:1 and 4:1., For the usual case where a slight mis-
match is encountered, a -2/1 relationship (% impedance mis-match/%
deviation in attenuation) exists,

A +2% impedance mis-match thereby results in a -1% deviation in
attenuation, This relationship is practical (within a percent) for
impedance mis-matches up to 10%.
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File No. CC 3-5B (1)
D, A, Mack, J, Mey
Rev, March 11, 1964
D, L, Wieber

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

RADIATION LABORATORY AMPLITUDE DISCRIMINATORS

Units at this Laboratory which are called amplitude discriminstors can
be divided into two general catagories, those used primarily for pulse shap-
ing and timing applications and those used for amplitude analysis,

Discriminators to be used for pulse shaping should ideally produce out-
put pulses of uniform smplitude and shape for any input signal above the
threshold level for wide ranges of input amplitude, shape, frequency, duty
factor, and ambient temperature, Those to be used for timing should have the
additional features of low charge sensitivity and minimum variation in inser-
tion delay under all operating conditions,

Discriminators to be used for pulse-height analysis require a higher
order of threshold stability and limearity while speed and delay-variation
requirements are much less severe,

DLW:mt



CC 3-5B (2)

*198-13% Jed s® sarrddns OgA ¥2F Pue ZTF UM £TBLXG J0 T-M €ZOTXRT Suiq Xogqowsy (&)

‘Teudys eutry AeTsq oTqneg wolJ esTnd Jeaossoxd eyj Lrremsn s1 sry] ‘palinbax ssTnd sqoms (%)

*(WHMJ) SU g YIP[M unWIUIN “6Fe1s SpoW( TPWUR] PUOOSs UT J030npuy Lq peurmieteq (£)

‘Yogas Jojenuell® OTY pus jodrTey 8 Jo suwewm Lg (2)

*enywva Aouenbagy

MOT 877 SA0Q® §0T 09 S0SEBSIOUT PTOYSDIY} 8YJ YOTYM JOJ 3BY3 S8 PeuTtep ST YIpTr esTnd wmmputm eyl (1)
sysdTeuy oT Butpynon JozATeuy _
epnyTTdwy | 002 ¢l os (014 rAly 0} 2* ‘eTpue| 1-d T86TXTI ul | T~d TZOTYTT|18UUBY) ©73utg
p——— e —— .. =T LA " AR T enhe S ..Nlr,l.l’\‘\ = T |I§ﬂhm
Surmt] 9 Lo+ ¢ ,0TXT - 0} 1°0-| Jeyswsuny (¢) n%/1-6 | €0T-2TITXY| @Ppotg Teuun]

e- N ~ edpvad

Burwyy, 074 £€°0-| ¢ 0T - 03 T°0-| edxelqg 'y ($) w¥/1-6| LT-2TITXY{ OPOTQ Touumy

z- edptag

Butmy] 00% 2 (0T - 03 T°0-| Jeyswwuny (9) w¥/1-6 | 08T-2TITXY| epoTQ Touumy

T 9°0- Le18(q
Sutwyl | (£) o'T-} ¢ oTXe Y0~ |0 T 0- Jexoy ($) a¥/1-9 £966XY UB) SUON

I0ATIq " " u u " OMNVH._” + u {%) i ..w\ T-¢ | 2=d TOOTXTT
167898 oW OT 62 ¢z S ;0T 60 T0+ I2Q9TM | T-d D6OTXTT al | T=d TOOTXIT *0STQ OW 0T
T € PO ‘o81Q
I n u " i n u 1 vosyoe YLO6XE | wT/T-€ Y6663€ *duy~esTng
JSATI( T°T+ ¢ POy *0871(Q
J1eTed5 OW & oY g+| G2 0T T 0} T°0+| uoOSYDBP YLEXE L uY/1-¢ YGOBXE *duy-es1ny
su | A (1)su sdd| 0o/Auw A
qIpTM 8wy
°sTnd | ‘dey| fyyriq
NOIIVOTIdIV |UIPTM. 'Tdmy| ‘uin XU -®3g | @3uwy IHDTRH HIDAON

THYWTHI ILod1no INNT ATOHSTUHL YANDTISHA WAISAS | TAINVd DNIMVHO TILIL

I ¥IgYL




File No. CC 3-10A (1)
H., G. Jackson

Rev, December 15, 1963
E. W, Pullen

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

DUAL 3 CHANNEL POSITIVE INPUT COINCIDENCE
AND

ANTI-COINCIDENCE UNIT MODEL 3

I, SUMMARY

This unit is a transistor version of the Model 2 coincidence and anti-
coincidence unit, and reference should be made to Counting Note CC 3-9A
regarding the detail of the opsration of this type of coincidence circuit.

Fig. 1 - Coincidence Unit Front View

II. SPECIFICATIONS
A, Inputs,
1, Three channel coincidence, positive pulses¥*, 3,0 V> E in > 0,25 V,
2. One channel anti-coincidence, positive pulses, 3,0 V> E in > 1,0V,
3. Impedance = 125 ohms,
B, Outputs,

1. 300 millivolts negative for 250 millivolt input pulses with 5 ns
elipping (double delay time, 2} ns long line).

2, 600 millivolts negatlive for clipping greater than 10 ns,
3. Pulse width determined by clipping lines, *#

4, Output impedance from emitter follower about 20 ohms, Emitter load
resistor = 125 ohms,

5. Time delay input to ocutput is about 4 ns,

C. OSigma pulse width about 5 ns,
Coincidence time about 4 ns.

¥*
Earlier models of thls unit employed inverting pulse transformers in the coin-
cidence inputs for operation with negative pulses.

®% )
Clipping time = 2 X elegtrical length of line,



II1,

Iv,

¢C 3-104 (2)

D. Coincidence ratio > 10:l for 5 ns clipping with 0.25 volts input,
E. Maximum repetition rate 10 Mc with constant output amplituds,
F, Adjustments and controls (per chassis),

1. Power ON-OFF switch (for both circuits),

2. ON-OFF switch for each coincidence channel (no switching for
anti-coincidence),

3, Discriminator potentiometer adjusts bias on discriminator diode
for optimum coincidence ratio, This is located on the front
panel and there is one for each circuit.

4. A - B switch and meter (0 - 100 ma) allows the collector current
of each limiter transistor to be read directly, and also gives an
indication of the operating condition of the unit. The collector
current should be adjusted to 20 ma * 4 ma with the trim potentio-
meter provided in the circuit., Adjustment is described in UCLRL
Drawing No, 4X9151., A and B refer to the left and right circuits
respectively.

G. Power requirement (per chassis).
1. 115 volts, 60 cycles, 16 W,

CIRCUIT DESCRIPTION

ANPLITIDE \/
DISCAIIION [——=
OTITOT

& OUTROY
CLIrrIm GLIPPING OLIFPING
LI LInE e
TTUDE
LNaTsr

COLLECTOR AAPLITUDE AMPLITUDE MPLITIDE
LDOITIR

AMPL!
LIMITER LIMOTER

l GOTNCIDBICE lmmmn«:: l CODCIDEGE l ANTICOING DENOR
DFPUT 1 INFUT 2 THFUT 3 T

Fig., 2 - Coincidence Unit Block Diagram

Positive input pulses of 0,25 volts cut-off (limit) the current in
the limiter transistors, and a voltage pulse of at least 1 V is available
at the collector to reverse bilas the coincldence diodes., When all
conducting coincidence diodes have been reversed biased, current is
allowed to flow in the base circuit of the output emitter follower. The
transistors used are Motorola 2N1143,* and the diodes, Q-6-100,

OPERATION

115 V 60 cycles must be applied by a twist-lock connector. The appro-
priate input cables must be connected and the channels switched on, The.
resolution time is determined by the length of the clipping lines. They

“£,, > 400 MCS.



Relative output
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are attached on the back using UCRL 125 ohm connectors. When only two
channels are being used, clipping lines must still be attached on all
three channels, A rear view of the unit is shown in Fig,. 3,

Fig, 3 - Colncidence Unit Rear View

PERFORMANCE TESTS

A. Colincidence Time.

The coincidence time of the unit was measured by feeding a
0.25 volt 120 ns wide pulse from an HP 215 Pulse Generator (triﬂJ.S ns)
to each input. The length of the clipping lines was then se
shortened until the output amplitude was 50% of the outpit level for
long clipping lines, A4 typical double delay time is about 5 ns,
Fig. 4(a) shows a plot of this relation., Then with 2,5 ns long clipp-
ing lines, one input signal was delayed until the output amplitude
decreased a further 50%, This delay time is defined as the coinci-
dence time, and is typically about 4 ns, Fig. 4(b) shows a typical
delay characteristic.

o 3
2F o a
5 b
s
(o =
t S
Ar2=43 nsec «
0 o i p 4012ty 14t L L1
5 10 15 20 [
Clipping Time (nsec) Deloy time (nsec)
Fig. 4(a) Fig. 4(b)
Fig. 4 -~ Output Amplitude as & Function of:
(a) Clipping Time: EIN = 0,25 V at 120 ns, threefold coincidence
(b) Delay Time: E._. = 0,25 V at 120 ns, clipping time = 5 ns,

three fold coincidence.



B,

Coincidence Ratio,

CC 3-104 (4)

The ratio of the output amplitude with signals fed to each input
as described above and with one input removed, is defined as the

coincidence ratio, It is always greater than 10:1.

Fig., 5 - Output Signals

Anti-coineidence Resolution Time,

Twofold coinei-
dence,

One input signal.

Delay of 5 ns in one
channel, Horizontal
sweep, 10 ns/cm;
vertical, 0.1 V/cm;
input pulse, 10 ns;
elipping time 5 ns;
repetition frequency
105 Pps.

A typieal anti-coincidence resolution curve is shown in Fig. 6.
The enti-coincidence pulse was advanced and delayed with respect to
the coincidence signals. Notice that the minimum amplitude was about
5% of the original, and that it was essentially obtained with the anti

signal in time coincidence with the slgnal inputs.



OQUTRPUT AMPLITUDE
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Fig, 6 - Anti-coincidence Resolution,

Input pulse 1 V at 18 ns; clipping time 5 ns; repetition frequency 60 pps.

D,

Effects of High Repetition Rates.,

A curve showing the change in the output pulse amplitude with
various input repetition rates is shown in Fig. 7. It will be noted
that the maximum continuous repetition rate is, for practical pur-
poses, about 25 Me, For repetition rates below 10 Mec, the Nanosecond
Pulse Generator was used with 20 ns clipping lines, Above 10 Me, the
Hewlett-Packard 608A oscillator was utilized, with the output amplified
and limited by means of a H, P, 460A and 460B amplifier, The output of
the 460B was then attenmuated to the regquired amplitude,
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Fig. 7 - Output Amplitude vs, Repetition Frequency.
Input Pulse 0.5 V at 20 ns; clipping time 5 ns.

Fig. 8 shows the double pulse resolution time of the unit, Here

a UCRL Hg. Pulser was used at 60 pps. The double pulse resolution
is about 20 ns,

=\ : e — single pulse,

ﬁ:-\rNﬂffx_ﬁ«ﬁ—:Er:=r- 30 ns separation.

- \ﬁ?\f~(w{_.__u__ 20 ns separation,

fé;ql?mJt»¥,‘ e 15 ns separation,

Fig, 8 - Double Pulse Resolution.

Input pulse, 0.5 V at 8 ns; c¢lipping time, 5 ns; repetition frequency 60 pps.
Horizontal sweep, 10 ns/cm; vertical 0.2 V/em,
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E. Coincidence Resoclution Curve,

A test was made to determine the resolution time of the unit
operating in a two-fold coincidence system., Two 6810A photo-
multiplier tubes were illuminated by a pulsed mercury light source,
The pulse repetition frequency was 60 pps. Phototube signals were
fed directly to the coincidence unit, The output signal was ampli-
tude discriminated and the resultant output was counted on a scaler.

Fig. 9 shows a typical time resolution curve of one unit, Notice
that on the sides of the curve the counting rate drops about a factor
of 100 for 1 ns increase in delay.

g
g

o

=4

o
T

b o] of

( pulses per min )

Count rote

S S R R S
Delay ( nsec)

Fig. 9 - Resolution Time of Coineidence Cirecuit,

Pulsed mercury light source; light level 1850 photons
at photocathode of two 68104 photomultipliers,

REFERENCES

1, Counting Note CC3-9, Fast 3 Channel Coincidence and Anti-Coinei-
dence Unit.

2. Transistor Counting Systems for Scintillation Detectors, Baker, etc,
UCRL 9000 February 17, 1960, also IRE Trans. on Nuclear Science,
Vol. NS-7, June-September, 1960,

3. Schematic 4X8533,
4, Checkout and Adjustment Procedure - 4X9151,
5, Negative input model 3X6873
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341
Lawrence Radlation laboratory, University of California, Berkeley File No., CC3=10
Page 1
COUNTING NOTE November 21, 1960
H., G. Jackson
PULSE AMPLITUDE DISCRIMINATOR MODEL 2 AND 3

ABSTRACT: This is an all semi-conductor modular unit capable of amplitude diserimina-
tion of pulses in the range 0.1 - 2,1v at repetition rates up to 10' p,p.s. The
output signal is constant in amplitude, at approximately 8v, and in rectangular

shape, about LO ns wide. The unit is primarily intended for driving the Decade
Scaler Models 3,kL, or 5,1

The Model 2 and 3 Pulse Amplitude Discriminators are similar in function, the
only differsnce being in physical size. The Model 2 is intended to fit a 54" card
bin, along with the Mocdel 3 or L Decade Scaler. The Model 3 plugs into the 3%“
card bin, with the Model S Decade Scaler.

Fig, 1 Pulse Amplitude Discriminator Model 3

Deca.de Scaler Model 3 - 1,0ps resolution time, 5%" card bin, (Counting Note CC9-7A)
1"t " h - 0.2}15 n ] It " " " "
1t i " 5 - 0, 2]13 " n 3%|| n n



File No. GC3-10 (2)

SPECIFICATIONS:

4, Inupt

1. Signal: Positive pulse

2. Amplitude: O,1lv - 10v

3., Width: 10ns ~ 2us

L. Maximum repetition rate 107 PeDeSe
5, Input impedance 125 ohms matched.

B. COutput
1, Signal: Positive pulse
2, Amplitude: 8v into open circuit, 6év into 125 ohms
3, Width: LO ns (rise time 12ns, gﬁll'tims 12 ns)
i, Output impedance -~ 25 ohm at 10 p.p.s.
~ 125 ohm at 107 p.p.s.

C. Adjustments .
1. Threshold adjustment: O.lv to 2.1v by means of a 10-turn potentiometer.

a. Two small holes in the front panel allow access to two trimpots.
b. The upper to adjust the minimum discrimination level of O0,1v, and
the lower adjusts the maximum level of 2.1lv,

D, Power requirements
1. 15v at 80 ma

CIRCUIT DESGRIPTION: The block diagram of the circuit is shown in Figure 2.

INroT OUTFUT
o IMPEDARCE | | LDINE - || ASTABLE OUTPUT o
MATCR COMPARATOR AMPLIFIER | 1MOLTIVIBRATO DRIVER
THRESROLD
ADJUSTHENT

Fig. 2 Block Diagram

‘The input circuit is a common-base stage (Ql) whose input impedance is constant
for pulses < 5v, Positive input pulses turn off the current in the threshold
diode (CEl). The quiescent current in this diode i1s determined by the setting of
the Helipot. The emitter of Q2 is a low impedance point to hold the discriminator
bias constant for all counting rates. When the input current is greater than the
quiescent current in CR1, current is allowed to flow in the emitter of the first
amplifier transistor (QBS. Diode CR2 gives temperature stability to the discrimina-
tor threshold, by compensating for any change at the emitter of Q3 due to the
temperature dependence of CRl. The two-stage common-emitter amplifier (QL and Q3)
with a gain of about L, amplifies the portion of the input pulse that exceeds the
discriminator threshold to trigger the pulse shaping circuit. The monostable
maltivibrator {Q6 and Q7) is an emitter coupled timing circuit, with an output
pulse width of LO ns. For input pulses wider than 4O ns, the output pulse will
widen to the input pulse width, up to about 2 ps. For input pulses wider than 2 ps,
multiplg pulses will appear at the output, The output driver is the common collector
stage Q8. )
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Figure 3 shows the output signal operating into a 125 ohm load at 106 PePeB4
and 107 PePs 86

(a)

‘uJuJuddu

F

Fig, 3 Output Signals (a) at 106 pP.pP.S. repetition .frequency (b) at 107 PeDeS8e
Horizontal Sweep, 100ns/cm; vertical, 3v/cm.
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PERFORMANCE TESTS: Figure L shows the excess signal required for pulse widths
shorter than 100 ns. Note that a 10 ns pulse requires an additional 50 mv over the
maximum threshold sensitivity for long pulses, At the minimum sensitivity level,
an additional 300 mv is required for 10 ns wide pulses. This test was made with a
mercury switch pulser at 60 p.p.s.

>
oor

E° ]
— -
L] .
o 400 o
3 Minimum ]
= B sensitivty
Q

3001
: ]
o L
5 2001
Q - .
= imam

o0l maxi

sensitivity

I — 1
3 10 0 [sT5) 300

Pulse width ( nsec)

Fig. |} Excess input signal requiréd for short pulse lengths at maximm and minimm
threshold sensitivity settings.

It is important that a discriminator threshold remain constant over a wide
range of counting rates. Figure 5 shows the variation in pulse amplitude required-
to trigger the discriminator at various pulse repetition rates when the threshold
level is adjusted to minimum and maximum sensitivities., A Nanosecond Pulse Generator?
was used for this test. It should be noted that the discriminator is A-C coupled at
the input, There will, therefore, be a shift of the base line of the input signal
equal to (W) (R} (100) %; where W = input pulse width (secs)

R = input pulse repetition rate (1/secs)

2
Counting Note CCl0=3
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Thus a 2v pulse of 10 ns width at 107 P.P.8. will appear to the discriminator to have
an amplitude of 1,8v,

200 —

MINIM UM
SnsiTiviTy o

100 —

On
o
|

“Z Maximum
SENSITIVITY

ke JOKC 100KC IMC 1OMC
RepeTiTion FREQUENCY

YARIATION IN SENsITI Ty (My)
&
|

Fig. 5 Input sensitivity at minimum and maximum threshold settings as a function of
frequency., Pulse width = 10 ns.

Figure 6 illustrates the variation in delay time of the output signal as a
function of the amount the input signal amplitude exceeds the threshold level. The
threshold in this case was adjusted to O,1v, The test was made with a mercury pulser
at 60 p.p.s, generating a 120 ns wide pulse,

160

( nsec )

Delay

0 ] | 1 -
0 4 8 12 .6 2.0

Input amplitude ( v )

Fig. 6 Relative delay of output signal as a function of input amplitude.
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THRESHOLD STABILITY: The variation of threshold level with temperature is about
1 mv/OC. This figure was checked by using a decade scaler card bin power supply.
The temperature coefficient can be improved by as much as five times by using a
power supply with improved temperature stability.

The threshold level should also drift not more than 1 mv/day at constant
temperature,

The maximum operating temperature should be limited to 5506.

REFERENCES:

1. Transistor Counting Systems for Scintillation Detectors, Baker, et al,
UCRL 3000, February 17, 1960, also IRE Trans. on Nuclear Science, Vol.
NS-7, June-September, 1960,

2. Schematic 3X865h4 Pulse Amplitude Discriminator Model 2.
Schematic 3X999L4 Pulse Amplitude Discriminator Model 3.
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File No., CC 3-12 (1)
January 10, 1964
H, G. Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

4L-WAY V"AND'", 1 "INHIBIT" CIRCUIT - 11X2401 P-1

I, SUMMARY

This unit is a direct-coupled 4-way dlode M"AND'" circuit followed by
transistor amplification. One "INHIBIT" input is also provided, inhibiting
any output, Standard +4 V logic levels are used, | Except for the parallel
NPN-PNP output emitter-followers, all transistors are either off, or sat-

urated on,

Provision is made for turning any of the 4 "AND" inputs off by means of
toggle switches, "O" indicates the channel is off, inoperative.

The unit is packaged in a shielded nanobox, A size 3X box (2=1/4 %

5-1/4" panel) is used,

Fig., 1 - 4~WAY AND, 1 INHIBIT, Circuit -- Front View

II. SPECIFICATIONS

Input Qutput
Impedance 1 K@ Impedance
M" Level +4 V npn
"o Level -1V non
Delay
Power Required Rise-time
+12 V40 mA (90 mA max,) pin 10,
<12V 8 ni pin 21.
Ground pin 1.

1
See GC 5-9 for logic voltage levels.

HGJ :mt

< 50 @ (50 mA max,)
+4 V
-1V
< 15 ns for pulse rise
< 15 ns for pulse fall
< 15 ns for step input
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File No. CC 3-13 (1)
January 13, 1964
H., G, Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

5 WAY "OR" CIRCUIT - 11X2441 P-1

I, SUMMARY

This unit 1s a basic 5 way diode "OR" circuit, followed by transistor
amplification; it uses standard 4 V logic levels, Except for the parallel
NPN-PNP output emltter-followers, all transistors are either off or saturated

on,

The unit is packaged in a shielded nanobox. A size 3X box (2-1/4 x
5-1/4" panel) is used.

Fig. 1 - 5 Way "OR" Circuit -~ Front View

II. SPECIFICATIONS

Input Sutput
Impedance 1K ¢ Impedance < 50 © (50 mA max.)
e Level +4 V wpn +4 V
"t Level -1V ugn -1V
Delsay < 15 ns
Rise-time < 15 ns for step
Power Heguired input
+12 V40 mA {90 mA max,) pin 10,
=12V 1 mA pin 21,
Ground pin 1,

1
See CC 5-9 for logie voltage levels,

HGJ:mt
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File No. CC 3-14 (1)
January 10, 1964
H, G, Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

5-WAY FANOUT - 11X2781 P-1

I. SUMMARY

This unit is intended, to make more signal current available at the
standard +4 V logic level! The circuit is basically a current switch,
with an emitter-follower driving five similar parallel NPN-PNP emitter-
followers,

The unit is packaged in a shielded nanocbox, A size 3X box (2-1/4 %
5-1/4" panel)} 1s used.

'S WAY. FAN-0UT
e . e

W

Fig. 1 - 5-WAY FANOUT -~ Front View
II, SPECIFICATIONS

Input Qutput (5 similar outputs)
Impedance 1Ko Impedance < 50 € (40 mA max,)
lll n I_evel +4 V lll " +4 v
" level -1V non -1V
Delay < 15 ns
Power Required Rise Time < 15 ns (step input)
+12 V 50 mA (250 mA max,) pin 10.
~12V 20 mA pin 21,
Ground pin 1,

1See CC 5-9 for logic voltage levels.
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File No. CC 3-15 (1)
March 11, 1964
D, L, Wieber

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

TIME-TO-HEIGHT CONVERSION SYSTEM - 11XI1981 P-1

SUMMARY

This system converts the time interval, betwsen the negative going edge
of a "start" pulse and the negative going edge of a "stop" pulse, into a
linearly related pulse amplitude, See Fig, 1. The output pulse is amplified
and shaped so as to properly drive most pulse-height analyzers in use at LRL.
With minor modifications this system can be used to measure time intervals
ranging from 10 psec to 200 psec,

SystEm . liB
BEWD.
‘ _AMECFIER
- F—

Fig. 1 -~ Time-to-Height Converter System

SPECIFICATIONS

All specifications are given with the unit as initially constructed for
a 100 nsec maximum time range, They are negligible functions of the maximum
time range, except where noted.

A, SYSTEM

1, Noise, FWHM 4 psec jitter due to discriminator-shapers plus
20 mV amplifier noise, when driven by a mercury
pulser through fixed delays,

2. Stability 2 psec/°C due to discriminator-shapera and con-
verter, after 15 minutes warm up,

3. Linearity

a, Integral + 1% from 1 nsec to 100 nsec, see Section IIIA
and Fig. 2. "
b, Differential + 3%, as measured on a Delay Sweep unit (10X1080P-1)

4., Duty Cycle 10% maximum,
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Fig. 2 - Discriminator Linearity.
A, B, and C show 2 nsec windows expanded through the Biased Amplifier.
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DELAY SHIFT, t u

CC 3-15 (4)

7= 0AT IOV

L ! | | &

0.5 1.0 1.5 2.0 2.5
INPUT VOLTAGE (V)

Fig, 4 - Delay shift of discriminator-shaper
as a function of input pulse amplitude for a step input,
The Thresheold voltiage is 30 mV.

Discriminator-Shapers, See Fig, 3.

The Start and Stop circuit, specifications are identical,
except when noted,

1. Signal Input,

a. Polarity . negative

b. Threshold 10 mV to 600 mV, adjustable

¢. Width 4 to 100 nsec, see Fig. 4.

d. Impedance 125 @ ac, for negative signals,

e, [Frequency, Fmax 100 ke, see Section III A-1,

2. Output.

Start Discriminator Stop Discriminator
(5%X2682 D),see Fig.6 (5X2722 D),see Fig.7

a., Polarity negative positive

b. Amplitude 5V 5V

¢, Impedance 100 ¢ de 100 @ de

d. Rise-time 3 nsec 3 nsec

e. Width, see 1l usec 1,2 usec

Section III A-1
£. D,C. level +0.,5 V -5.2V




C.

cC 3-15 (5)

Gate Input, see Section III-C,
With the GATE switch in the GATED position:

positive to gate ON
2 to 4V

Gate input must be present at least
0.1 psec before signal input.

1 Kgde

Time-to-Height Converter (5X2703A), see Figs.5 and 8.

3.
a, Polarity
b, Amplitude
c. Delay
d. Impedance
1, Inputs
2. Linearity
3. Duty Cycle
4, Minimum Measurable
Time Interval
5. Conversion ratio
6. Output
a, Polarity
b. Amplitude
c. Width
d, Impedance
¢, Rise-time

same as discriminator-shaper outputs,
see system linearity Specification A-3,
limited by associated circuits,

"start" pulse must arrive at least 1 nsec
before "stop" pulse,

100 mwV/nsec, see Section ITI A-2

positive,

0-8YV

~1 usec, see Section III A-2,
220 Q ac.

100 mV/nsec, see Section III A-2,

Biased Amplifier (11X1481 P-1)

1.

3.

Input

a, Polarity
b, Threshold
c. Impedance
d. Duty Cycle
Gain

Output

a., Polarity
b. Amplitude
c. Ilmpedance

positive,

0.1 to 9 V, adjustable,
non~-linear,

10% maximum,

X1, X2, X5, or X20, adjustable,

positive,
0-8 Vv,
100 Q.
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CC 3-15 (7)

III, OPERATION
Change of maximum measurable time range.

A,

In order to change the maximum time range, Tpgy, over which the

system will cperate with the specified linearity, the following
modifications are necessary. It is recommended that the Muclear
Instrumentation support group be contacted to mske these changes.,

1.

Discriminator-Shapers.

Cl7 in the "start! circuit and C7 in the "stop" ecircuit
determine the shaper pulse widths, This width must be chosen
to be at least 1 psec longer than Tmaxs The capacitor value is
given by:

(Tmax + 1) psec

1470 uF
Remember that the maximum duty cycle should be kept below 10%.
Time-to-Height Converter (5X2702C).

The ccnversion ratio, VO/%, is a function of capacitor (2,

Cl7 (5X2682D) = C7 (5X2722D) =

Vo o 3x107°
b c2

For a given T __ ,
max

c2 = [3 x107 1 (p,SeC)] uF.

V/sec,

For large values of (2, the output rise time may be too slow
for proper operation of the PHA, This maximum allowable rise
time may be as low as 0,5 psec. Therefore, if G2 2> 1500 uF, the
following changes should be made;

a, Link X - Y on 5X2702C should be connected,
b, Pin 8 of 5X2722D should be connected to pin 8 of 5X2702C.

The converter output is then clamped to ground until the
arrival of the "stop" pulse, then allowed to rise quickly., Since,
under conditions of high repetition rates in the "start" channel
this operation can cause additional duty cycle sensitivity, its
use is not recommended unless required by the Pulse Height Analyzer.
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System Time Resolution.

The system time jitter and noise, as noted under Specifications 4-1,
is seldom & significant factor in the timing resolution of an experi-
mental set-up., Experimental resolution is usually limited by some
combination of the following factors:

1. Detector collection-time distribution,

2. Detector amplitude distribution, which is converted to timing
errors as shown in Fig. 4.

3, Duty cycle variations at high average repetition rates.

The first two contributions are discussed at length in references
2-4 listed at the end of this report,

The third contribution is negligible if the shaper duty cycles are
kept well below 10%. At higher counting rates the resolution is
affected due to the statistical occurance of pulses spaced so as to
exceed the 10% maximum duty cycle limitation,

Note that arrival of a "start" pulse without a coincident "stop"
pulse will result in an output pulse of maximum amplitude., Such
action may cause shift or count loss in the Pulse Height Analyzer
at high repetition rates. These effects can be minimized by proper
gating and, when there is a significant difference in singles counting rates,
by operating the "start" channel at the lower counting rate,

Gated Operation of Diseriminator-Shapers.

Fast-rising Gate input pulses may internally couple to the signal
input, Therefore, the THRESHOLD should be set above 150 mV for
gated operation, Note that the gate must be applied at least 0,1 psec
before the signal.

Iv, REFERENCES

1.

b

DLiW:mt

M. Birk, «. A. Kerns, T, A, Nunamaker, Electronic Variable Delay for
Tracing Characteristic Curves of Coincidence Circuits and Time-to-
Height Converters, Lawrence Radiation Laboratory Report UCRL-10784
also Engineering Note EE-91l, Reprint in RSI, Vol.34, No.9, 1026-1028

A. E. Bjerke, 4, A. Kerns, and T. A. Nunamaker, "Pulse Shaping and
Standardization of Photomultiplier Signals for Optimum Timing Infor-
mation Using Tunnel Dicdes", Lawrence Radiation Laboratory Report
UCRL-9838, Reprint in Nuclear Instruments & Methods 15 (1962) 249-267

D. L. Wieber, "A Fast, Wide~Range Time-to-Height Conversion System",
Lawrence Radiation Laboratory Report UCRL-10425, also reprint in
Nuclear Instruments & Methods 24 (1963) p. 269,

D, L, Wieber, Time-to-Height Converter System, Engineering Note EE-90UL,
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File No., CC 3-16 (1)
February 15, 1966
H. G. Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

S=WAY FANOUT — 11X2781 P=2

I. SUMMARY

The 5-Way Fanout 11X2T781 P-l has been packaged in a Nuclear Instrument
Module. A Size 1X (1.35 x 8.75" panel) is used.

The unit is intended to make more signal current available at the standard
+4 V logic level. The circuit is basically a current switch, with an emitter
follower driving five similar parzllel NPN-PNP emitter followers.

Fig. 1 - Front Panel View of 5-Way Fan=Qut

IT., SPECIFICATIONS

Input Output similar outputs
Impedance 1 K g Tmpedance <50 1 (B0 mA max.)

"1" level +L V " +4 v
"o" level -1 V "o" -1V
Delsay <15 ns

Risetime <15 ns (step input)
Power Reguired
+12 V 50 mA (250 mA max.) pin 16.
=12 V 20 mA pin 17.
Ground pin 34,
lSee CC 5=9 for logic voltage levels,

HGJ /mlr
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File No, CC 4-6 (1)
June 8, 1964
D. 0. Hale

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

SUMMARY OF PULSE HEIGHT ANALYZER MANUFACTURERS' DATA

The following table lists manufacturers' specifications for several
Pulse Height Analyzers, Only those modes of operation that are considered
somewhat standard have been listed, and special application features such
as peak detection, area integration and time of flight have been ignored.
The information was obtained from instruction manuals and advertising
brochures,

Since all the units have not been evaluated, the table is for
informational purposes only and does not constitute approval or disapproval,

DOH:mt



CC 4-6 (2)

-2

*aTqresod alsim peleoTpur sTeqsT Hos[ TRudTg

[
*(1JT4s opwoep ByBp Jod dest zT snrd oesW ) selasy ewry @wmmw
sut] esTng
sseooy Aromsy + ang ao Tenwel| TOTTBIBd | TeTTeled 00818
of | Teuweyo ged odesT ¢* oes™ ¢T|  ppv sog z-Y-8| T®TIeg TetI6g 40T 008 NITIOLOIA
emT], 8870y
sgaooy Axomey + qug J0 tenusy| [STTBIBS | ToITBIR] onQgvIs
sof | reuweyo led oest ¢* oos™ ¢T{ PRV 89K ¥ 20 z| TeTIeS |  BLIEE Q0L oo¥ NEFHOIOIA
eWL] esTng
gsgaooy AJowel + qng I0 TENUBK oozIs
oy | Teuusyo xed oesW ¢* oesT ¢T 13511 sex Y7 10 Z|TeTTBIBd | ToTTBI®d mOH 00g NEFHOLOIA
Suryy esTod
§5000y LJIOWSH + qng J0 TEnUER
o | Teuusyo Jed oesm g oesT 6¢| bRV sog ¥ 20z}  TeTIES TeTIeS §OT oY 07 OWI
W], 556007 55T0g
Arowey + vesT QT + qng d0 TENUBY| PIYSTI PoISTT
of | Teuwey> Jed oest ¢° oesT 271 prv 881 7 ao g ION 10N @OHImOﬁ ooy €902 ToH
Swty LR asind
88300Y haHO.EmE + ang J0 TeNURK| TPTIBIBd
sof | Teuumyo xed oesd ¢° ossT 2T by 89 ¥ a0 g 181185 TBTLSS ooalmOﬁ oo¥ geT-%¢ 0Ty
SWL] 9s8Td
s8000§ AJoUS + qng a0 Tenusy| TeTTRI8d
sof | Teuueys Jed osest ¢° oost 2T |  ppy sex ¥ 10 | TeTIes TeTass | 0T~ 0T 00" ZT-%€ TaT™
sWy IXg asTnd
ssadoy LIowsy ¥ qng I0 TBNUBK 9T - $T
§9f | Teuwsyo zed oesm ¢* osst ZzT| ppY s ¥ a0 z| TBTIeg TeTIsg | 0T~ 0T 00% QuVYOVd
SWT] es TN
sseooy AJousy + qng J0 TENUBRK
gef | Teuusyo Jod oesT g* oes™ ¢z |  ppy sof ¥ J0 z| TBTISS TeTIeg oOT AL UHAOS T-AN
SuT] asTRg
ggeooy Arowey + Foomi 09 Xey qng o Tenusy|eTIBIRd
oy | Teuuweys asd oest ¢* | vest T U POY sax % Jo0 p| TeTdes T8TI0g mOH 962 TOT-aN
YIIHA WL HWIL | OIDOT| TOUMINOD HIISNVHL | SSHOOV SSHOOV [THNNVHD { STHNNVHD THIOW
HWIL aQvaa SEEOOV | VIVa [NOISSHHAdNS ¥ S4N0MDANS | SSHHady viva HHd 40 HIUNLOVANNYIW
aviqg KTHOWEW OYHZ KHOWHH |'TYNHELXE | TYVNYEIXE KIIOVIYD YHTANN VHd
JNNGD

SINdNI SEHI0V WO




CC 4~6 (3)

(£Tuo Sapoy
BY8(Q) VHd | oest ¢z NPOBILS
‘outo)| se swseg A 8-| sex saf sax EED sex TeuJIajuy oN sex gex NATHOLOTA
A G-
- A T-| eoUBApRY anpoYls
a8qoalg J8Tedg ON gaf saf 1=1=0 Y sax Teuasquy saf say gaf NITEOIOIA
002lLs
- - — ON S8x gef 8871 sax TeuIsiuy ON ON EEPY NIHHOLOTA
- — AYH - sof sax sa% saf Teuzoguy oN sex sex 07 O
- A OT+| A OT-| oN sax sox gox sex TeUJIo3XY gex sef sex TE90Z 104
oa
(¥330) ST-| A OT-| A OT-
HLVD 1Ea Ldd Jg0 | sex S8y S8 gex ser TeuI94uT sex g8k 8% geT-Y¢ TaT
od
(330) 61-| A OT-| A OT-
ALVD LEQ Lad 0S80 | se9% sef B8x g8f 88f TeWISU] 887 88% 88 ZT-¥¢ 1018
9T - ST
== A OT- A OT-| s8% s8] 881 88) s8) Teuasluy oN s8)1 881 THVIIVd
A 7+
O+AY| AT+
- ST AXH | O+ ¥—| oN sof 88x sox sof TeuI83Xy oN ga) 89% YHIO8T-AN
(£1uo osest o1
BYBQ) | 908a1q A V-
*JUTOn o duy | o+ 4 Y+ ON ON s8f OoN sof TBUI& XY oN sa1 g8z T0T-ON
ALVD LONT | EIONVAQY | EdVI VL SUAHOOEY | SYTINTH] | SHUIINTYL J¥0 | YEZETYNY | HETYDS | YdZATVNY THIJOW
VIVOD | SSHYAAV | VW | THEHONOJ TETIVEVd | IVIYES TINNVHD | THNNVHO | TENNVHD [HEIHALOVINNVRN
ATONIS =TLT0H —IIIH VHd

[4

HIOW HATVOS-TITAN m&anH.

SHICH LNOgvEy

SEJOW HHOLS




CC 4-6 (4)

AG+ AG-
pefersq| pedeTeq duws-aad 008IS
OoN - - - o3ny - qdmo.rg qdmoxg - saJTnbay NIZHOIOTA
A6+ AG- uTen Xey 8§
9poW VHJ | oTeog TTnd| oTeo8 1Td *outo) *oUTOH AOB+| °T®os TTn S1eToVARS
g9% §® emeg Jo 00T Jo $00T AOT+ - es g esnd Ag+ A~ NEFHOIOTA
dme-aaq 00Z1s
oN - - - oqny - - - - saxTnbey NIZHOIOIA
uTsn XY ®
aTeog TINJ
ON - - - A+ - AT+ AY+| A ST+ A= 0§ TO% OWI
8poR AQ9+| utED X®W B
8pOW VHd| oTeds TInd| oTeds TInd| ©PeIstI Teuusy) AST+| oT®os TR
oN Se amsg Jo 00T Jo %001 10 - - a18uTg AG+ AT OT- €902 0¥
AOT+ AOT- uen Xey 6
8poW VHd | ©Teos TTnd| 918§ TId (JJ0) 8+|pedereq| pedereq AC9+| eTeOS TTWY
sex §8 aweg Jo %08 Jo $00T AQT+| 3upyoord| 3dworg|  gdmoag A9+ Aw Gz+| @2T-Y€ TAT¥
AOT+ AOT- utTen Xey f
SpO YHd| ©Te°S TIng| ©oTecs TInd (JJ0) Ag+|pedeleq| pedersq AO9+} 98Teog T
gox g8 auweg Jo %08 Jo 61 AOT+| Futyoorg| gdmoxg ydmoag A9+ AW GZ+ Z1-Y¢ 1amy
Ag+ AB- upen Xey m
pe1sTI| (JJO) 8+|pedeteq| pelfersg eT®og TTNJ 9T - ST
oN - - - 0N | dupioorg| 3dwoxg{ gdwoay Ag+ AR 02+ QUYHOVd
ACOT+
oa *outogy [ *outon | (ug) AY+ AOT+
oN - - - AY+| s euweg|se ewss|(JJO) AY- Af- A" 00T-0 HWIO8T-AN
2a oa ursn XBY B
Av+| couto) |*outo) | (up) Af+| AOQOT+| oT®oS TTd
ON - - - 0 + AY-| sv oweg|se sweg|(JJO) Af- £- AR Z- TOT-aN
INTWJINYE INdNI HONVY FONVYH ONTINO¥ | HIVD 0g| ONIOD ONTIOD | I0FHIq YA TITTINY TEIOH
1004 TINNVHD | TIART UAJIN| TIATT HAMOT ~TINV YTUNLOVINNYR
SOISAHd -TIINKN YHd
HAOW TANNYHO FTONIS VHd SINdNI

N..hdoz




Radiation Laboratory, University of Galifornia, Berkeley File No. CC5-6

Page 1
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Frank Evans
DEFINITIONS OF PERFORMANCE MEASUREMENT Quentin Kerns
Dick Mack

Revised Jan. 1, 1959

There is a need for conveniently evaluating the performance of equipment for which
the rise time is an important factor. The definitions need to be characteristiec

of the equipment itself and not of the input signal. The following definitions

are suggested as a way of quantitatively measuring the performance of circuits with
available equipment. The ratios in signal levels are defined in terms that lend
themselves to convenient measurement. The shortest useful pulse for a piece of
equipment is taken as a characteristic of the equipment. Two such pulses are de-
fined below, However, none of the definitions are meant to exclude measurements
which owing to suitable statistical techniques, may yield results that are a small
fraction of times defined here.

A Sigmg Pulse 1s a pulse of constant amplitude which when applied to a circuit pro-
duces an output whose peak amplitude is 50% of the output for a long input pulse.

INPUT OUTPUT
LONG A A
PULSE_#/////F @ ‘\\\\\&_ n,///f\\\\\_.fi?
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The sigma pulse is specified by two numbers: (a} the length 7~ in seconds and
{b) the amplitude &, in volts. The time of occurrence /7, is teken as that instant
on the rise when the amplitude reaches 50% peak amplitude.

For an amplifier the amplitude (A) is chosen as the value of the long input signal
required to produce maximum unsaturated output (2B).

For a coincidence circuit the amplitude (A) is the minimum value of a long input
signal required for normal maximum output (2B),

A Lambda Pulse is defined for a triggered device and is a pulse whose amplitude (4)
is twice the amplitude of the long pulse regquired to just trigger, and whose length
is short enough so the device triggers on just half the input pulses, on the average.
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A lambda pulse is specified by two mumbers: {a) the length 7 in seconds and
(b) the amplitude A in volts. The time of occurrence -7, is taken as that instant
on the rise when the amplitude reaches 50% peak amplitude,

Where operating characteristics of equipment are not otherwise known, sigma pulses
are of the correct order of magnitude to apply to a unit to obtain its fastest
operating parameters,

In the laboratory a sigma pulse may be produced by a coaxlal mercury-relay pulser,
The length of the pulse is determined from the double transit time of the discharge
line,

The pulse length for a discharge line of RG-8/U cable connected to a mercury pulser
is Tp nillimicroseconds,

If we define

L = length of discharge line in inches, measured 0,25 inch behind the extreme
front edge of a type N connector,

’ D \
’I
e —]
/3= relative velocity of propagation of line

/3= 0,659 for RG=-8/U and RG=9/U, recommended for use in mercury pulser,

C = velocity of 1light = 1,180 x 1010 inches/sec, in free space,
Ts

it

mercury relay pulse length without discharge line attached, millimicro-
seconds,

75= 0.38 for mercury pulser, Drawing No., 4V 4333,
7§= 0.49 for mercury pulser, Drawing No. 1X 6693,
Then we have

T-= 2L-107

Tp = 0,26 L + 0,38 for Pulser 4V 4333,
75 0,26 L + 0,49 for Pulser 1X 6693,
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Delay time is the interval between the sigma pulse applied to a circuit and the
leading edge (at 50% amplitude) of the unsaturated output signal.

INFUT OUTPUT
_,////ﬁ\\\\_
yd
DELAY T/ME
7o !
Coincidenge ratio is the ratio of the amplitude of output signal of a coincidence

circuit when all inputs are fed sigma pulses in time coincidence, to the amplitude
of the output signal when one of the input signels is absent.

For a coincidence -.anticoincidence circult the coincidence ratio is the ratio of
the amplitude of the output signal when all coincidence input signals are in time

coincidence, and anticoincidence signals are absent, to the amplitude when one
coincidence slgnal is absent or one anticoincidence signal is present.

INPUT OUTFUT
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Coincidence time of a coincidence circuit is the minimum time delay required between

one input sigma pulse and the remaining input sigma pulses to reduce the output
amplitude response to 50% of the amplitude for zerc delay, or, for a coincidence
circuit, including an amplitude discriminator, the coincidence time is the minimum
time delay required to reduce the counting rate of the output pulse to 50%. Resolu-
tion time of a coincidence system is often defined as the time delay required
between lnput pulses to produce a change in counting rate by one or two decades.
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®#inticoincidence time of an anticoincidence circuit is the time delay required be-
tween an input sigma pulse in the anticoincidence channel and input sigma pulses
in the coincidence channels to reduce the output amplitude response to 50% of the

amplitude for a very large delay.
INFUT OUTFUT
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ANTICOINCIDENCE  TIME

Recovery time is the minimum interval between the leading edges of two consecutive
sigma pulses such that the trough between the output pulses 1s 50% or less of the
peak smplitude Ay of the first pulse, and the peak amplitude of the second pulse
A2 is at least equal to the amplitude of the first pulse 4.

INPUT OUTPUT
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RECOVERY TIME

#Recovery time of an gnticoincidence circuit is the minimum interval between input
sigma pulses (one in the anticoincidence channel and the others all applied at the
same time to the coincidence channels) which glves essentially the same output
signal (A) as when the anticoincidence signal is absent.

* TIn general two figures will arise (one when the anti signal is early, and one
when 1t 18 late); both of these figures should be specified.
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COUNTING NOTE April 10, 1956
Quentin Kerns
DEFINITION OF PULSE TERMS Dick Mack

The following definitions have been compiled from accepted sources covering pulse
terminology commonly encountered at the laboratory.

Background counts? are counts caused by radiation coming from scurces external to
the counter tube other than the source being measured, or by radicactive contam-
ination of the counter tube itself,

A clipping 1ine? 1s a circuit for eliminating the tail of an electrical pulse after
a predetermined time.

Counting rate 1s the average number of pulses per unit of time.

A linear amplifier is a pulse amplifier in which the output pulse height is propor-
tional to an input pulse height for a given pulse shape up to a point at which the
amplifier overloads. Most linear amplifiers only approximately fulfill this de-
finition.

A pulse is a momentary flow of energy.

A pulse gmpliﬁigxz is an amplifier, designed specifically to amplify the intermittent
signals incorporating appropriate pulse-shaping characteristics,

Pulse amplitudel 1s a term indlcating the largest magnitude attained during the
pulse,

Pulse decay time is the time required for an exponentially decaying pulse to fall
to 1/e of the peak amplitude.

Pulse fall time® is the time required for the instantaneous amplitude to fall from
90% to 10% of the peak amplitude.,

A pulse-height diseriminator? is a ecircuit designed to select and pass voltage pulses
of a certain minimum amplitude.

A pulse-heipht selector? is a circuit designed to select and pass voltage pulses in
a certain range of amplitudes,

Pulse rise Limgz is the time required for the amplitude to rise from 10% to 90% of
the peak amplitude.,

A random coincidence® is one that is due to the fortuitous occurrence of unrelated
counts in the separate detectors.

A gggister2 1s an electromechanical device for recording or registering counts,

Saturation current? is the current which results when the applied potential 1is
sufficient to collect all electrons.

Saturation voltagg2 is the minimum value of applied potential required to produce
saturation current,

A sgoler? is a device that produces an output pulse whenever a prescribed number of
Input pulses have been received. The number of input pulses per output pulse of
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a scaling circuit is termed the scaling factor. A binary scaler is e scaler whose
scaling factor is two. A decade scaler is a scaler whose scallng factor 1s ten.

(;)Standards on Pulses: Definition of Terms, Proc. I.R.E., Vol. 39, p. 624,
June 1951.

(2)A Glossary of Terms in Nuclear Sclence and Technology, Published by A.S.M.E,,
1955,
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COUNTING NGOTE

DEFINITIONS OF TERMS RELATED TO PHOTQTUBES

PART T

(1) 1IRE Standards on Electron Devices: Definitions of Terms Related to
Phototubes, 1954, as published in the Proc. IRE, 42, 1277, August 1G54.

(2) IRE Standards on Electron Tubes: Methods of Testing, 1962, as published
in the "IRE Standsards No, 62 IRE 7.31,"

PHOTOTUBE (1)

An electron tube that contains a photocathode, and has an output depending
at every instant on the total photoelectric emission from the irradiated area
of the phoitocathede,

MULTIPLIFR PHOTCTUBE (1)#

A phototube with one or more dynodes between its photocathode and the
cutput elecirode,

PHOTOCATHODE (1)

An electirode used for cbtaining photcelectric emission whern irradiated,

SEMI-TRANSPARENT PHOTOCATEODE (1)

A photocathode in which radiant flux incident on cne side produces photo-
electric emission from the opposite side,

QUANTUM EFFICIENCY (Of a Phototube) (1)

The average number of electrons photoelectrically emitted from the photo-
cathode per incident photon of a given wavelengih.

SENSITIVITY (Of a Photosensitive Electron Device) (2)

The quotient of the output quantity (such as current, voltage, etc.) by

the incident radiant flux or flux densiiy under stated conditions of irradiation.

Note i: This term is general and the measured value depends on many factors
such as spectral distribution of incident light, units used for
measuring incident radiation, electirode under consideration, and output
quantity. In several specific types of sensitivity the conditions of
the test are more restricted, Where a well-defined specific sensitivity
term is not applicable , cares must be taken to state all the pertinent
conditions under which sensitivity is measured.

Note 2: If the output has some value in the dark, the dark value is subtracted
from the output when irradiated.

3#*
The terms Multiplier Phototube and Photomultiplier are equivalent and are used
interchangesably.




cc 5-8B (2)

SENSITIVITY, DYNAMIC (CGf a Phototube)} (2)

The quotient of the modulated component of the output current by the
modulated component of the incident radiation at a stated frequency of mod-
ulation, Note: Unless otherwise stated the modulation waveshape is
sinuscdial,

SENSITIVITY, RADIANT (Camera Tubes or Phototubes) (2)

The gquotient of signal output current by incident radiant flux under
specified cenditiona of irradiation,
Note l: Radiant sensitivity is usually measured with a collimated beam at
normal incidence.
Note 2: The incident radiant flux 1s usually monochromatic at a given wave-
length, If the radiant flux i1s not monochromatic, its source must be
described,

LUMINOUS SENSITIVITY (Of a Phototube} (1)

The quotient of output current by incident luminous flux at constant
electrods voltages,
Note 1: The term ocutput current as here used does not include the dark current,
Note 2: Since luminous sensitivity 1s not an absolute characteristic but
depends on the spectral dlstributlon of the ineident flux, the term
is commonly used to designate the sensitivity to light from =z tungsten-
filament lamp operating at a color temperature of 2870CK,

CATHODE LUMINQUS SENSITIVITY (Of a Multiplier Phototube) (1)

The quotient of photocathode current by incldent luminous flux,
Note 1l: The term photocathode current as here used does not include the dark
current.

SPECTRAL CHARACTERISTIC (Of a Phototube) (1)

A relation, ususlly shown by a graph, betwsen the radlant sensitlvity and
the. wavelength of the lncident radiant flux.

ELECTRODE DARK CURRENT (Of a Phototube) (1)

The electrode current shat flows when there ls no radlant flux incident on
the photocathode,
Note 1: OSince dark current may change considerably with temperature, temperature
should be specified,

EQUIVALENT DARK-CURRENT INPUT (1)

The incident luminous flux that would be required to give an output current
equal to the derk current,
Note 1: Since dark current may change considerably with temperature, temperature
should be specified,.

EQUIVALENT NOISE INPUT (Of a Phototubs) (2)

The value of incident luminous (or radiant) flux which, when modulated in a
stated manner, produces an rms signal output current equal tc the rms dark-
current noise both in the same specified bandwidth (usually 1 cps).
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CURRENT AMPLIFICATION (Of a Multiplier Phototube) (1)

The ratic of the output current to the photocathode current due to photo-
electric emission at constant electrode voltages.
Note 1: Terms output current and photocathode current as here used do not
include dark current.
Hote 2: This characteristic is to be measured at levels of operation that
will not cause saturatlon.

GAS AMPLIFICATION FACTOR (Of a Gas Phototube} (1)

The ratio of radiant or luminous sensitivities with and without ionization
of the contained gas.

TRANSIT TIME {Of a Multiplier Phototube) (2) (See also Part iI IRL definitions,)

The time interval between the arrival of g delta function light pulse at
the entrance window of the tube and the time at which the output pulse at
the anode terminal reaches peak amplitude.

TRANSIT TIME SPREAD {2) (See also Part II LRL definitions.)

The time interval between the half-amplitude points of the output pulse
at the ancde terminal, arising from a delta function of light incident on the
entrance window of the tube,
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PART II

LRL MULTIPLIER PHOTOTUBE DEFINITIONS

The definitions contained in Part II are divided intc three groups,
Group 1 of the definitions and standards is intended to provide a convenient
way of estimating the usefulness of multiplier phototubes for precision timing
applications. It defines quantities which when evaluated for a particular
tube, give a measure of its spread or uncertainty in delay time, The spread
or uncertainty in the delay time of a phototube pulse is a function of the
size of the light signal as well as of parameters of the tube, Group 1
definitions refer to the overall tube.

In Group II, we consider separately:

a) the cathode to first dynode region
(input electron optics)

b) the multiplier
(set of dynodes)

¢) the output structure
(consists of signal-carrying leads from the anode and
adjacent structures to the output pins or connector).

The function of the input electron optics (a) is to cause electrons emitted
from the relatively large photocathode, to be directed into the multiplier,

The multiplier (b) and output structure (c) are often considered together as

a unit but should be considered separately in the case of multiplier tubes with
coaxial output structures or slow-wave, i.e., (TW) output structures. The
output structure forms the ocutput signal pulse by extracting energy from the
moving cloud of electrons leaving the last dyncde,

To apply these definitions and standards to a particular tube, the
operating voltage and voltage distribution must be specified,

Group I definitions are adequate for many users., Group II definitions
added to Group I form a set intended for detailed discussion and evaluation
of phototubes.

To aid in understanding these definitions relsted to phototubes, a brief
ocutline is given to place them 1n one of six general categories of expressions
directly concerned with time,
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3 #¥
TIME CATEGORIES PHOTOTUBE TERMS

| )DEVICE RISE TIME (DRT)
Rise Time ')MULTIPLIER RISE TIME (MRT)

QUTPUT STRUCTURE RISE TIME (ORT)

Fall Time MULTIPLIER FALL TIME (MFT)

DEVICE DELAY TIME (DDT)
MULTIPLIER DELAY TIME (MDT)

Delay Time

DEVICE TRANSIT TIME (DTT)
Transit, Time )CATHODE TRANSIT TIME {CTT)

MULTIPLIER TRANSIT TIME (MIT)
OUTPUT STRUGTURE TRANSIT TIME (OTT)

, _)DEVICE TIME SPREAD (DTS)
Time Spread )PULSE TIME SPREAD. (PTS)

CATHODE TIME SPREAD (CTS)
MULTIPLIER TIME SPREAD (MTS)

Transit-Time J GATHODE TRANSIT TIME DIFFERENCE (CTTD)
) INTERDYNODE TRANSIT TIME DIFFERENCE (DTTD)

Rise Time as defined in CC 5-7 is the time required for the amplitude to rise
from 10% to 90% of the peak amplitude.

Fall Time as defined in CC 5-7 is the time required for the instantaneous
amplitude to fall from 90% to 10% of the peak amplitude.

Delay Time, in accordance with the usage of CC 5-6 is defined as the time
interval between input and output as measured on the leading edge (at 50%
amplitude) for an individual event. For the user, Transit Time 1s a much

more useful quantity than Delay Time, which is of interest primarily in photo-
tube measurement technique,

Transit Time is the average of the Delay Times measured for many events. It
should be noted that transit times add linearly to get overall transit time
and are independent of the number of electrons.

Time Spread is the standard deviation of the distribution of Delay Times. Time
Spreads add in an RMS fashion to get overall time spreads, ITime Spreads vary in
proporation to the inverse square root of the number of photoelectrons. They
are given for single photoelectron events,

An alternative method of expressing Time Epread, is one which does not
assume a Gaussian curve, but considers how the area under the time-spread curve
is distributed. Using this method, one would define as the significant para-
meter the minimum width of time slot which (properly centered), permits scme
percentage (e.g., 50%) of all output pulses to be counted. (For more information
and actual values measured see UCRL=16540, Photomultiplier Single-Electron Time-
Spreed Measurements, by Cordon R, Kerns, October 3, 1966,)

3
Note differences between LRL definiticons and the IRE Standards in Part 1

of this report.
*%*
It is assumed that one is discussing a phototube which is not allowed to

current saturate unless otherwise stated,
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Time Spread (Continued)

A certain freedom is taken in assuming that the distributions referred to
in the phototube definitions may be approximated by Gaussian curves, However,
the relative ease in combining Geaussian distributions compensates for this,"
The deviation of a distribution is often specified in terms of ite full width
at half maximum (FWHM). .For a Gaussian distribution the FWHM is equal to 2,36
times the standard deviation.

Transit-Time Difflerence expresses a systematic relationship between Transit-
Time and position of illumination by photons or electrons. If we let (X,Y,2)
express the Cartesian coordinates of a point X, Y, Z on the photocathode or
dynode, as the case may be:

Transit-Time Difference at point (X,Y,Z) = Transit Time at point (x,Y,z) -
Transit Time at point (XO,YO,ZO)

‘where point Xg,Yn,Zp is the reference position, and point (X,Y,Z) is the
position where illumination strikes,

Transit-Time Difference may apply to electron trajectories in the photo-~
cathode-to-first dynode region or to electron trajectories in the region from
one dynode to the next dynode. Although the Transit-Time Difference is found
as the average of many events and 1s, therefore, independent of the number of
electrons, the effect of Transit-Time Difference on the overall tube +ime
spread varies as (number of electrons)'l/z. For simplicity, the transit-time
differences may be included in the time-spreads, e,g. CTTD is included in CTS.

Group III of these definitions and standards covers agpects of tube
operations other than terms involving timing.

GEOUP_I

DEVICE RISE TIME (DRT)

The device rise time is the mean time difference belween the 10% and 90%
points on the rise of the output voltage pulse for full cathode illumination
by a short pulse of light. DRT includes the effects of . Output Structure Rise-
Time, Multiplier Rise-Time, time spreads, and time differences,

DEVICE DELAY TIME (DDT)

The delay time from the instant at which a light pulse strikes the
envelope of the tube on its way to a given area of the cathode until the
corresponding output pulse appears at the output connector of the tube is the
device delay time for that area of the cathode. In accordance with tne other
definitions, the output pulse is timed with respect to the 50% point of its
leading edge. Unless otherwise stated, it is assumed that figures quoted for
this quantity refer to the geometrical center of the useful cathode area,.
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GROUP I {Continued)
DEVICE TRANSIT TIME (DTT)

The average difference between the time at which an impulse of light
strikes the envelope of a phototube on its way to the cathode and the time at
which some specified polint on the output pulse from the anode appears at the
base pins or output connector of the tube. Neglecting the time of flight of
light through the entrance window:

(DTT) = (CTT) + (MTT) + (OTT)

Quotations of transit time should inelude specification of the point
on the output pulse to which the time measurements are made, such as the
50% peak amplitude point of the leading edge, centroid of the pulse, etc.
Unless otherwise stated, all transit-time figures given in the Counting
Handbook are referred to the 50% of peak amplitude point on the leading
edge of the pulse,

DEVICE TIME SPREAD (DTS)

When light signals result in the production of single photoelectrons from
randomly chosen areas of the photccathode, the correspending anode delay times
have a distribution about some mean value. The standard deviation of this
distribution is the device time spread,

The device time spread may be measured by allowing light signals to
produce single phetoelectrons at known times, and to measure by means of
&n appropriate time coinecidence circult, the relative number of output
pulses that occur in each uait interval following the light signal,
Alternatively, the figures for cathode time spread (CT3) and multiplier
time spread (MIS) may be combined (assuming that the distributions are
Gaussian} to give the DTS of the tube as:

DTS + ‘V/ CTS2 + MT82

PULSE TIME SPREAD (PTS3)

When light signals producing other than one photoelectron are used, the
standard deviation of a Gaussian curve fitted to the distribution of delay
times 1s approximately:

PTS = 1/VA DTS = 14/ W < c1rs® + mrs?

where N = the number of photoelectrons emitted per light pulse.

The purpose of the Group I terms is to describe the overall phototube
in compeact fashion., Where more detall iIs necessary, the Group II terms may
be employed,



cc 5-88 (8)

GROUP II

CATHODE TRANSIT TIME (CTT)

The mean delay time from the cathode to the first dynode of photoelectrons
emitted from a given area of the photocathode is the cathode transit time for
that particular area, Unless otherwise specified, it will be assumed that
figures quoted for this quantity refer to the geometrical center of the useful
cathode area.

CATHODE TRANSIT-TIME DIFFERENCE (CTID)

In general, the transit time for electrical output pulses resulting from
light pulses striking small areas of the photocathode is a function of the
position on the cathode at which the light pulses strike. The cathode transit-
time difference for a certain specified area of the cathode is the transit
time for light pulses striking that area minus the transit time for light pulses
striking a reference area of the cathode, When applicable, thes reference area
is at the geometrical center of the useful photocathode area as specified by’
the manufacturer.

4 note on technique:

Ia making CTTD measurements, the diameter of the area illuminated
is ‘1o be small compared to the distance over which an appreciable change
in CTID occurs, Normally CTTD is influenced primarily by the voltages
applied to the cathode, ‘cathode focusing electrodes (if any), and the first
few dynodes. These voltages should be specified since CTTD varies as
the inverse square root of voltage.

Of course, a large value of CITD is undesirable. The cathode shape
and cathode to dynode optliecs are important parameters for the manufacturers
to optimize in order to minimize CTTD over the range of operating voltage.

CATHODE TIME SPREAD (CTS)

_ When single photoelectrons are emitted from randomly chosen areas of the
photocathode, their respective delay times from the cathode to the first
dynode have a distribution about some mean value., The standard deviation of a
Gaussian curve fitted to this distribution is the cathode time spread.

The CTS results from two separate effects: cathode transit time
differences, g.v., and spread in the initial emission- velocities of photo-
electrons, The spread in initial velocity depends upon the wavelength of
the incident illumination, the photoelectric work function, and the
temperature,

If the cathode transit-time difference is large, the approximste
value of cathode time spread may be derived from the cathode transit-
time difference curves (by neglecting possible dynode 1 - dynode 2 transit-
time differences. which are implieit in the cathode transit time differences,
and effects due to velocities of emission).
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GROUP II (Continued)

MULTIPLIER RISE TIME (MRT)

The multiplier rise time is the mean tlme difference between the 10% and
90% points on the rise of the current pulses entering the anode region and
correlated with the enhtrance of single electrons into the multiplier. If the
ORT << MRT, (as is commonly the case) the MRT can be directly observed at the
base pins or output connector of the tube,

MULTIPLIER FALL TIME (MFT)

The multiplier fall time is the mean time difference between the 90% and
10% points on the fall of the current pulses entering the anode region and
correlated with the entrance of single electrons into the multiplier., If the
ORT << MFT, the MFT can be directly observed at the base pins or output
connector of the tube,

MULTIPLIER DELAY TIME (MDT)

The delay time from the instant an electron strikes dynode one until the
resulting pulse of charge appears at the anode of the multiplier is the
multiplier delay time. In accordance with other definitions the delay is
measured to the 50% point on the leading edge of the charge pulse,

MULTIPLIER TRANSIT-TIME (MTT)}

The mean value of the multiplier delay time is the multiplier transit

time,

INTERDYNODE TRANSIT TIME-DIFFERENCE (DTTD)

In general, the transit time for electrons leaving the nth dynode and
striking the nth + 1 dynode depends on the position from which electrons leave
the nth dynode, The interdynode transit time difference is the transit time
for electrons leaving a given position minus the transit time for electrons
leaving a reference position. Considering a cartesian coordinate system
fixed in the dynode, we ldentify X, ¥, Z as the point of emission and (X ZO)
as the reference point, Then: Tran51t time difference at point
(X,Y,72) = Transit time at point (X,Y,Z} - Transit-time at point (XO,YO,ZO).

MULTIPLIER TIME SPREAD (MTS)

When single photoelectrons, spaced in time, strike dynode one, the
corresponding output pulses have respective multiplier delay times that are
distributed about some mean value. Thé standard deviation of this distribution
is the multiplier time spread.

QUIPUT STRUCTURE RISE TIME (ORT)

The output-structure rise time is the time difference between the 10% and
90% points on the rise of the output voltage pulse arising from a narrow pulse
of current striking the last dynode.

It depends on the itransit time of electrons across the last-dynode to
anode gap, and on the electrical pulse response of the anode-dynode ocutput
circuit. The dynode-anode transit time is calculated from geometry and
voliage, while the electrical pulse response may be measured by applying
pulses to the output circuit of the tube, or on a time-scaled analogue of
the output circuitry. The output-structure rise time may be approximated
by measuring the response of an illuminated phototube to a fast gating
pulse applied to the latter dynode stages. (See CC 8-20,) The output-
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GROUP_II (Continued)

structure rise time is essentially immune to statistical fluctuations from
pulse to pulse, and for most present tubes is short compared te the time
spreads CTS and MTS,

QUTPUT STRUCTURE TRANSIT TIME (OTT)

The mean time interval between the entrance of a pulse of charge into the
anode region and the appearance of the corresponding electrical pulse at the
output connector or pins of the tube is the output structure transit time. In
accordance with other definitions, the time interval is measured between the
50% points on the leading edge of the input and output pulses.

GROUP III

DC _CURRENT GAIN OF A MULTIPLIER PHOTOTUBE

Identical to definition of Current Amplification Part I, of this Counting
Note, ' '

PULSE CURRENT GAIN

The mean ratio of the charge in the anode {or other, specified, output
electrode) current pulse to the charge in photoelectron current pulse leaving
the cathode following a pulse of light that uniformly illuminates the useful
area of the cathode as specified by the manufacturer,

The time duration of the pulse of light should not be greater than
the transit time spread of the phototube, Where the current gain is high
enough, it is convenient to make the measurement with single photoelectrons.

In measuring the anode pulse charge, the effects of afterpulses
should be disregarded insnfar as they can be distinguished from the main
pulse,

It is important to note that the pulse current gain, on a pulse to
pulse basis, unlike the current amplification, q.,v,, is a statistically
varying quantity.

SATURATED OUTPUT CURRENT

The maximum attainable value of anode (or other, specified, output electrode)
current as limited by space-charge saturation between one or more pairs of
electrodes. According to Child's Law, this value of current varies as the three-
halves power of voltage between the electrodes at which space-charge saturation
oceurs., Therefore, the saturated output current depends on the voltage distri-
bution in the tubes which must be specified, '

The measurement is usually made with a pulsed source of input current
to the multiplier, such as a light pulser illuminating the cathode. The
intensity of the current from the pulsed source is inereased until further
inerease in input current results in a negligible increase of output current.
This level of output current ig the saturated output current,

For the purposes of the counting notes, the point of "negligible"
increase in output current is that level at which the rate of change of
output current with input current is 1% or less of the maximum rate at
any other input current.
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GROUP III (Continued)

MAXIMUM NON-SATURATED OUTPUT CURRENT*

The saturation of a multiplier phototube is not sudden .or abrupt but
manifests itself as a gradual process, As saturation progresses, the output
pulse amplitude tends to stop increasing, and instead the pulse width increases.
For definiteness, the peak pulse current at a 25% increase in pulse width (for
a narrow light pulse) at the half-height is taken as the maximum non-satruated
output current,

AFTERPULSES

When an externally generated light’ pulse strikes the photocathode, a pulse
of photoelectrons leaves the phototcahode, is successively amplified at each
succeeding dynode, and results in an output current pulse at the anode, Follow~
ing this initial pulse, there may occur other pulses, called afterpulses, which
are not caused by any externally genePfated light pulses, but rather by certain
processes initiated by the original pulse,

NOISE PULSES (DARK)

The portion of the Electrode Dark Current, q,v.,, which appears as
individual current pulses.

Electrons released from the cathode by thermionic emission and ion
feedback processes are major contributors to the noise pulse rate in
multiplier tubes, Additional contributions to the noise pulse rate come
from light generated within the tube, thermionic emission from ionization
currents, and internal or external radiocactivity.

COLLECTION EFFICIENCY

The ratio of the number of photoelections which actually contribute to
an anode (or other, specified, output electrode) current pulse to the total
number of photoelectrons liBerated is-called the collection efficiency.

Not all photoelectrons released from the cathode necessarily reach
the first dynode., The major contributing causes are chromatiec aberration
(initial velocity effects) in the photocathode - dynode one electron lens
system, and other lens distortions particularly at the photocathode
maximum diameter.

Some photoelectrons which do arrive at the first dynode do not
necessarily result in an anode current pulse since secondary multiplication
is a statistical process.

CK:mt

_*See LRL - Engineering Note EE-795 for more information,
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COUNTING NOTE

PREFERRED LOGICAL VOLTAGE LEVELS DC TO 20 MHZ

A number of logic circuits have recently been designed to employ the
fecllowing signal voltage levels:

1. The circuit is OPERATIVE or ON at the nominal +L volt level.
This is defined as the logical level OQNE,

2, The circuit is INOPERATIVE or QFF at the nominal -1 volt level.
This is defined as the logical level ZERO.

Fig. 1 shows the allowable signal voltage excursions for input and
output circuits employing standard +4 volt logic levels,

INPUT CIRCUITS RECOGNIZE QUTPUT CIRCUITS GENERATE
THE FOLLOWING RESPONSE: THE FOLLOWING RESFPONSE:
+12 1L4 Respeonse Undefined Forbidden Level + 412 ¥
— Always Recognized as ONE Allowed Level for ONE —
] b — — o — — e e B ¥
] Preferred Level for ONE _-
— ST
+3 V L
- Response Undefined Forbidden Level B
+1 V L_+0,8 V
] Always Recognized as ZERO Allowed Level for ZERO [
-2V 2V
Response Undefined Forbidden Level

Fig. 1 = Allowable Signal Voltage Excursions
LBR:mt






I.

IT.

File No., CC 6=5L (1)

Quentin Kerns & Harcld Miller
Revised: INovember 21, 1966
Harold Miller

Lavrence Radiation Laboratcry, University of California, Berkeley

SPARK GAP TRIGGER AMPLIFIER

COURNTING NOTE
|

ABSTRACT

The following trigger amplifier was designed to be used as s building
block between low level logic circuits and spark chember pulse modulators.

Described below is a L-stage nonlinear amplifier which, when triggered
by a 1 V signal, provides with minimum delay, an output pulse of sufficient

energy to simultaneously trigger several spark gaps.

The output pulse is

produced by discharging a 1000 pF capacitance charged to 10 kV into a load.
The pulse has a rise time of 10 ns and begins 32 * L ns after the application

of the 1 V input pulse.

The trigger asmplifier will operate at an average
repetition rate of 0 to 50 pps and can be triggered in pulse bursts with a
minimum of 5 msec between pulses,

shunted by 2.8uE.

lto 10V,

SPECIFICATIONS
A, Input,
1. Impedance: 500
2., Connector: BNC,
3. Pulse Amplitude:
4, Pulse Width: = 1 nsec,
5. Rise Rate: = 1 V/nsec.

B. Qutputs.

1.
2.
3.
L,
2

6.

Impedance: -50Q,
Connectors: - Two
Pulse Amplitude:
Pulse Rise Time:

Pulse Decay Time:

Type HN,
=10 kV,

10 nsec.

25 nsec with both outputs terminated.

50 nsec with one output terminated,

Delay time between the input pulse and the beginning of the cutput

pulse:
32 ¢
35 ¢
38 ¢
Ls ¢

L nsec € 1 pps
5 nsec @ 50 pps
8 nsec & 100 pps
10 nsec @ 200 pps

} 50 pulse bursts,
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C. Repetition Rate.

1. 50 pps maximum average rate; any slower rate is acceptable.

2. Up to 50 pulse bursts with & minimum of 5 msee., between pulses
with the average rate not exceeding 50 pps. Tf the average pulse
rate exceeds 50 pps for an excessively lcng interval of time, the
SGTA will automatically turn itself off, (See Section III, B 3),
{See UCID-2605 H, W, Miller 7-12-65 for complete description of
overlcad=trip circuit),

D, DP=30 Monitor (PG-2),

1. Impedance: 501,

2, Connector: BIC,

3. PFulse fmplitude: =15V,

E. Output Monitor (PG=3).

1. TImpedance: 50§,

2. Connector: ENC,

3. Amplitude: <10 V (Approximately 0.1% of the output pulse.)

F, Controls. a,c, on-off-overload reset swiich located on the froat panel.
G. Electrical Shielding. = 120 db.
H. Power Requirements, 95 = 125 V rms 60 cps.
42 watts @ O pps.
54 watts @ 50 pps.
DESCRIPTION

Figure 1 shows & front and resr view of the Spark-Gap Trigger Ampiifier.

. BurEnt
E oMM

i nuTeur
U OHM

SPARK GAP TRIGGER AMPLIFIER
PHYSICS WSTRUMENTATION RESTIRCH

Fig., 1 - Spaerk-Gap Trigger Amplifier

a) Rear View.
L) TFront Panel,
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A, (Circuit Operation.

A simplified schematic diagram of the Trigger Amplifier appears
on the front panel. An additional simplified schematic diagram with
components numbered to aid in the discussion of the eircuit operation
is included in Fig. 2, The numbering system is identical to that
used in the complete schematic (10X1020 S-2).

+
—400v *2400V 460y
T3

SPARK '
c48 6t |2+ GAP G

T2 Vi C6l C C64

SCEQ

A
A B
V2 §

Ql C

C63

2352 500

M acF

g S

+ 160V +{OKV
Fig, 2 - Simplified Schematic Diagram

The trigger amplifier consists of four stages of amplification;
they are (l) avalanche transistors, (2) common-cathode planar triode,
(3) grounded-grid planar triode, and (4) triggered spark gap.
Normally all four stages are nonconducting, Upon the application of
an input trigger the four stages are progressively pulsed into a high
econducting state producing the 10 kV output pulse.

1, Avalanche Transistor Stage.l

The avalanche transistors 4-1 and 4-2, biased from a 100 pi
current source, are selected such that the sum of their collector
voltages is = 200 V, The capacitor C-48 charges to a potential
equal to the difference between the itransistor collector voltages
and the grid-cathode bias voltage of the first planar-triode V-1,
Upon the application of a 1 V pulse at their base-emitter Jjunction,
the two transistors switch to a low impedance producing a 100 V
positive grid drive to V-1,

lSee, H, W, Miller & 4. A. Kerns, "Note on Transistors for Avalanche-Mode
Operation" UCRL-10131 Rev. (May 23, 1962).



cCc 6-5B (4)

2. Common-Cathode Planar-Triode Stage.

With a 100 V positive grid drive on V-1 the tube develops a
4.5 amp current pulse into the primary winding of the coupling
transformer T-3, The coupling transformer drives the cathode of
the grounded-grid stage with an 18 amp current pulse.

3. Grounded-grid Planar-Triode Stage.

The anode of V-2 is normally at +10 kV; the tube is blased off
by & positive 160 V on the cathode. The drive pulse from the
coupling transformer T-3 pulses the cathode 170 V negative with
respect to the grid, resulting in a 15 amp anode current pulse.
The anode potential decreases at a rate of 500 V/nsec,, which is
determined by the anode current and anode circuit capacitance
consisting of the anode-to-grid capacitance, the trigger-electrode
capacitance and the stray-circuit capacitance.

4. Triggered-Spark-Gap Stage.

In the non-conducting state electrodes A and C are at ground
potential and electrode B is at +10 kV, The spacing between
electrodes A and B is adjusted for a dc gap breakdown of 11,5 kV,
when the anode voltage of V-2 decreases, the voltage of electrode A
begins dropping toward -8 kV, The gap A-B becomes over-voltaged
when the voltage on electrode A is -1.5 kV, and if one or more free
electrons are available the gap current will begin to build up
exponentially, A corona 1ight,2 which is pulsed by the voltage
change on electrode A through a resistance of 2,6 k, illuminates
electrode A at the time it reaches -1.5 kV, The ultra-violet
component of the light ejects precisely timed photoelectrons from
the surface of electrode A, initiating an electron avalanche in
gap A-B. As the impedance of gap A-B decresases, the voltage on
electrode A approaches the +10 kV potential of electrode B. When
electrode A becomes sufficiently (~5 kV) positive with respect to
the grounding electrode C, an electron avalanche is produced in
gap A-C, The current in the two series gaps increases until limited
by the circuit impedances, The output pulse is produced by
capacitors C-63 and C-64 switching across the output load through
the low impedance of the spark gap.

After the output pulse, capacitors C-63 and C-64 recharge to the
+10 kV supply voltage through a 2.35 MQ resistance. The 2.35 msec
recharge time constant of this stage governs the peak repetition
rate of the amplifier, After 4 msec the gap may be re-triggered,
the gap voltage of course will not be the full 10 kV but rather 8 kV.
The reduced gap voltage results in a longer time delay through the
emplifier as well as a lower amplitude output pulse (see specification
II-B-5 for typical delay times as a function of pulse rate).

2Triggered Spark Gap Corona Light Source, Drawing 10X1100 D-1.
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B. Mechaniesal Descriptions,

1. Chassis Construction.

The chassis for the Spark Gap Trigger Amplifier is built in
two separable sections., The amplifier chassis (10X1020 S-2), which
contains the trigger amplifier and the C~W high-voltage power supplies,
is contained in a 14" x 10" x 4" aluminum box., The front panel
chassis (10X1020 S-10), which contains a low~voltage power supply and
a 15 ke oscillator-amplifier is mounted on a 5-1/4" rack mount panel.

3

The amplifier chassis, which contains the air spark gap,has been
constructed gas tight with O-ring seals and facilities for slight

positive pressurization to allow it to be used near a hydrogen target
ares (see section III-5),

When shortest possible system delays are desired the amplfier
chassis may be removed from the front panel chassls and mounted near
the spark chamber pulse modulator. A 25-foot extension cable is
available for connecting power between the two chassis making it
possible to mount the front panel chassis in an accessible location
outside the target area (see Fig. 3).

Fig., 3 - Spark-Gap Trigger Amplifier & Interconnecting Cable,

2. Connectors.

The input connector (PG-1), two monitor connectors (PG-2 and
PG—B), and two output connectors are located on the rear of the
emplifier chassis, Input and monitor connectors have also been
provided on the front panel, To use the front panel connectors it
is necessary to provide 50 Q patch cables from PG-1, PG-2, and
PG-3 on the rear of the front panel chassis respectively to PG-1,
PG-2, and PG-3 on the amplifier chassis,

The use of front panel connectors introduces a 4 nsec time
delay due to internal cabling. In instances where shortest
possible time delays are desired the input connection should be made
directly at the rear of the amplifier chassis,

3
Harold W, Miller, "10 kV Cockerof t-Walton Voltage Multiplier Power Supply"
UCID-2066, EE-966 (Jan 4, 1964)
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3. On-0ff Switch

The on-off switch is located on the front penel. This
switch is in series with the 117 V - 60 cps power line and
the primary winding of the input power transformer. The
rover transformer is & Scola constant-voltaege transformer.
The input power can be from any 95 - 125 V, 60 cps power
source, In instances where power is supplied from racks
with iine voltage reguletors it is necessary that the
regulated output be reasonably near a sine wave,

The SGTA is vrotected from demege by an overload-trip
circuit which turns off the high-voltage circuits if there
is an overload condition (for example, en excessive input
pulse rate.) The circuit can be reset by removing the
cause of the overload condition and momentsrily turning the
front panel switch to reset and then back on. (See UCID-
2605 H, W, Miller T-12-65 for complete description of over-
load circuit).

4, Indicator Lights.

The following two indicator lights are on the front panel:

(a) Green "on" light - when on, it indicates the
presence of the 25.6 V fram the low voltage
power supply.

(b} Red "+10 kV" = this light when on indicates the
+10 kV Cockeroft-Walton power supply is opereting.

5. Gas Fittings.

Two 1/8" IRL gas fittings are located on the rear of the smplifier
chassis, If the trigger amplifier is used in an srea away from an
explosive atmosphere the two fittings should be left vented to the
atmosphere. In the event the amplifier is used near a hydrogen target
area, air lines, one input and one exhaust, must be provided. Dry
filtered air at a rate of 1 to 10 cc/min must be circulated through the
spark gap compartment to remove contaminated air., This is especially
true at high pulse rates,

iV. QOPERATION.

A, Voltagp Waveforms.

The voltege waveforms present at the input, the two monitors and the
output are shown in Fig. 4., All impedance levels are 500, The photographs
are multiple exposures taken at 60 pps.
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Input Trigger:
Vert Sens: 10 V/em

PG-2 Monitor:
Vert Sens: 10 V/em

PG-3 Monitor:
Vert Sens: 10 V/em

Output:
Vert Sens: 4 kV/em

Fig. 4

Typlcal voltage waveforms at the Spark Gap Trigger Amplifier Connectors.

B. Output Load,

1, The trigger amplifier may be used to drive a larger spark gap. The
following suggestions pertain to such a situation.

a,

Horizontal Sweeps: 20 nsec/cm.

The energy in the output pulse from the trigger amplifier, if

properly
Although
one type
in which
field or
initiate
Fig, 5.

used, is sufficient to trigger several spark gaps.

mogt types of gaps may be triggered by the output pulse,
in particular is recommended. The suggested gap is one
a trigger electrode is used to increase the electric
"over-voltage'" the gap and a corona light is used to

an electron avalanche, An example is the gap shown in
Two such gaps are used in the Energy Distribution Box

(10X1101), a spark-chamber pulse modulator designed to operate
over a wide range of voltages,
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Fig.5 - Air Spark Gap Triggered by a Corona Lamp .

b, Advantages of a spark gap triggered by a corona light are
worthy of mention, They are the following:

i) With a fixed gap spacing, short time delays are obtainable
over a wlde range of dc gap voltages,

ii) There are no sharp electrodes therefore erosion problems
are eliminated.

111} The result of 1) and ii) is an infrequent need for gap
cleaning and adjustment.

¢, Triggering an External Gap.

Spark gaps operated at 10 kV or less can be triggered
directly by the output pulse from the trigger amplifier, For
higher voltage gaps or to decreasse time delays and increase
reliability in lower voltage gaps, 2 3:1 step up transformer
has been designed which can be used to drive the trigger electrode,
The corona light should still be pulsed through a series 2 k
resistor from the 10 kV trigger amplifier cutput pulse,
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c. (Cont.)

A schematic representation of the spark gap being triggered
with and without the use of the transformer is shown in Fig, 6,

(a) and (b).
H.vo
Energy-
Storage
Capacitor
I{ To Spark-
A \ & Chamber
FPlates
4 m Pulse Shaping
Tl ‘Resistor
d
From | ’
Spark-
Gap Trigger § 2k §
Amplifier
{ Clearing-field
O Voltege
a)
H,V,
Energy-
Storage
i
Capaf[tor To Spark-
1 s 4 O Chamber
Plates

From Pulse Shaping
Spark- 9 Resistor

Gap Trigger
Amplifier Cr —9

S 2y

J
-~

Clearing-field
Voltage

b)

Fig. 6 - Triggering an External Spark Gap:

a) With a step-up transformer,
b) Without a step-up transformer,

4For a deseription of T-1 see Spark Gap Trigger Transformer, Drawing 10X1200 D-3.
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C. QCebling and Shielding.

Since the trigger amplifier was designed 1o be operated in a constant
impedance system, a 50 Q cable should be used to connect between the
trigger amplifier and pulse modulator, If electrical radiation is sus-
pected of being a problem, the connecting cable should be an electrically-
tight 50 Q variety such as indrew Corp, Foam V Heliax, A shielding
evaluation of the spark-gap trigger amplifier driving fcam Heliax cable
shows that spurious signals external 1o the cable or amplifier are not
over 5 millivolts, including power-line wires, monitor connections, and
external metal panel surfaces, It is worth noting that the shielded input
transformer {an integral part of the Spark Gap Trigger Amplifier) prevents
feedback of energy inte the input irigger line when the 10 kV output
pulse is generated. Thus there is no danger of falsely triggering devices
which may be connected to the input line,

V. TYPICAL SPARK CHAMBER SYSTEM.5

A. A block diagram of a simplified spark-chamber system is shown in Fig. 7.

To emphasize the role of the trigger amplifier in a system, Table 1 indicates
the time delays that are typical of each component of the system. Counting
Handbook references are indicated. All components with the exception of

the spark chambers are available from the Counting Pool,

DETECTOR DISC.

SPARK CHAMBER COIN

——DETECTOR DISC.

SCPM SGTA

Fig, 7 - Simplified Spark Chember System Block Diagram.

SYSTEM COMPONENT TIME DELAYS COUNTING HANDBOOK REFERENCE
Detectors 5-80 nsec: Section CC 8
Diseriminator & Coincidence 2-20 nsec Section CC 3
Spark Chamber Trigger Amplifier 30-40 nsec Section CC 6
Spark Chamber Pulse Modulator 10-20 nsec Section CC 6

TABLE 1

*The shortest time delays are not necessarily available from counting pool
equipment but can be obtained with commercially available components (e.g.,
Minature phototubes operated at high voltagse per stage and tunnel diode
logle circuits.)

SQ. A. Kerns, "Spark-Chamber Pulse Modulators", UCRL-10887 (June 1963)

QAK: HM:mt
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COUNTING NOTE

SPARK CHAMBER ENERGY DISTRIBUTION BOX

ABSTRACT

The Spark Chamber Energy Distribution Box is a pulse generator designed
to provide high voltage pulses for energizing spark chambers, The important
parameters of the circuit can be easily adjusted and/or changed for the best
operation of spark chambers having a wide range of plate sizes, gap spacings,
and filling gas mixtures.

Ten simultaneous output pulses are produced at ten type HN output connec-
tors epproximately 15 nsec after the application of a suitable input trigger
(e.g., the output pulse from the Spark Gap Trigger Amplifier, CC 6-5).

An energy storage capacitor is in series, and a pulse shaping resistor
is in parallel with each output connector. The storage capacitors are switched
across their respective output loads by triggered spark gaps to produce the
output pulses,

The amplitude of the output pulses can be varied from O to 20 kV by
adjusting the spark gap spacings and the voltage of an external dc power supply.
The rise %ime of the output pulses, which is a function of the voltage and
current switched, is typically 15 nsec. The pulse voltage is made to decay
exponentially to prevent spurious sparks from forming in the spark chambers,
Typical decay time constants, which range from 100 nsec to 800 nsec, can be
varied at each connector by chosing the value of the pulse shaping resistors,

The present repetition rate and burst rate is O to 40 pulses per second,

The container in which the components are placed is provided with "O-ring"
gaskets and LRL fittings to allow a slight pressurization of the box, thus
allowing it to be used safely near a hydrogen target area. The container is
an aluminum box which is electrically a complete shisld,
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SPARK CHAMBER
EXERGY [/STRIBUTION BOX

WUCLEAR INSTRUMERTATIOR: RESEASCH

Fig. 1 - Spark Chamber Energy Distribution Box
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II, SPECIFICATIONS

A, Input Trigger Pulse,
Amplitude: > 5 kV negative,
. Impedance: 50 @,

Connector: HN,

S~ oo

Pulse Shape:
a) Rise Time: < 10 nsec,
b) Pulse width at half amplitude: > 20 nsec.

5. The modulator was designed to be triggered by an output pulse from
the spark gap trigger amplifier (Counting Handbook CC 6-5); however,
any other trigger source producing a pulse with the above charac-
teristies can be used,

B. Qutputs,

The shape and amplitude of the output pulses are dependent on several
load and circuit parameters, For flexibility, the energy distribution box
has been designed so that the main parameters can be easily changed or adjusted.
Typically, the pulse rise time is 15 nsec (e.g., When, for each output connec-
tor, the load is 50 Q, pulse amplitude is 10 kV, energy storage capacitor is
4000 pF, and the discharge resistor is 88 Q.)

1, Adjustable parameters: Refer to Fig. 2 for clarification of the
eirecult parameters,

a) Charging voltage: External supply needed, 20 kV maximum,
b) Spark gaps:
i) Number: Two, each switches 5 outputs.

ii) Gap Spacing: Adjustable to 20 kV, Both gaps must be set
for the same voltage,

c) Energy storage capacitorst 180 pF rated at 40 kV to 16,000 pF
rated at 6 kV,

d) Discharge Resistors: Adjustable by plug-in units,
2. Non-adjustable Parameters: related to each output.
a) Series inductance LS: 50 nHy,

b) Series resistance Rg: Mainly the spark impedance which is time
varying and is a function of the load currenis, Typically, the
resistance changes from an open circuit to a few chms in about
10 nsec.

G. Delay Time.

The time delay measured between the 10% amplitude points on the leading
edges of the input and the output pulses is 15 nsec,
D. Repetition Rate,

0 - 40 pulses per second, The repetition rate of 40 pps is limited by
the 8 msec RC recharge time constant necessary to allow the spark gaps to
de-ionize when using air at 1 atmosphere.

1See Sprague Engineering Bulletin #6311-A for an example of available
capacitors, A sheet of standard ratings is printed in Fig. 7 at the end
af this note
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E, External Power Reguirements.

1, High Voltage power supply: An external power supply is
required for recharging the energy storage capacitors,
The average current required from the supply can be
determined from the dec voltage, the total capacltance
of the energy storage capacitors, and the maximum average
pulse rate as follows:

I = %g I = Required current rating of power
supply.
C = total capacity.
V = High veltage,
T = average period between pulses,
(Example: G = 40,000 pF, V= 10 kV, T = % ,

I =16 mA)

In addition, the impedance of the power supply during the
recharge cycle must be £ RC/IO in order that it shall not
unduly lengthen the recharge time constant of the circuit.

F, Clearing Field,

0 - 100C volts, either pelarity., The clearing field supply must
be able to provide an average current equal to the high voltage supply
current. Note: While the distribution box circuits allow a wide
range of clearing fields, the chamber itself may require the selectlon
of certain voltages for best performance,

III. CIRCUIT DESCRIPTION

For the complete circuit diagram of the energy distribution box
refer to schematic number 10X1100 5-1. This schematic is Fig. € at
the end of this note., The two spark gaps are triggered from the
secondary windings of Ty, The lcad current for five of the ten out-
puts is switched by each of the two spark gaps.

The simplified diagram of Fig, 2 will be used to describe the
circuit operation, One of the spark gaps ie shown in the cirecuit,
Except for the common trigger, the two gaps can be considered to
operate independently, and the discussion of one 1s sufficient, Cg,
Ry, and C, represent, respectively, the energy storage capacitor,
the pulse shaping resistor, and the wiring and chamber capacitance
connected %o one cutput connector., L; and R; represent the series
inductance and resistance of' the spark gap plus wiring.
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CHARGING

VOLTAGE

SUPPLY 1 OF 10
QUTPUTS

= C¢

INPUT FROM
SPARK GAP
TRIGGER T
AMPLIFIER
{CC-6-5) 4+t
-0 kV " 20k
CORONA
21 LAMP CLEARING
FIELD
VOLTAGE

Fig., 2 - Simplified Circuit Diagram

A, Cirquit Conditions Just Before an Output Pulse,

Prior to an input trigger, the capacitor Cy is charged from the
external H,V, power supply. The clearing field voltage is placed on the
spark chamber plates through the series 20 k resistor and Ry.

B. Developing an OQuiput Pulse,

To produce an output pulse, the energy storage capacitor Cg 1is
switched across the output load C, through the series impedance of the
triggered spark gap S. To trigger the spark gap, an input trigger pulse
is stepped up in voltage by the 3:1 turns ratio of T; and applied to the
trigger electrode 1, The electric field is raised to a value which is
several times that required for an electron avalanche, A corcna lamp
energized from the primary winding of T7 illuminates the gap electrodes.
The UV component of the light ejects precisely timed photoelectrons into
the over-voltaged gap. The current in the gap increases nearly expo-
nentially with time until it is limited by the circuit impedance,

2Triggered Spark Gap Corona Light Source, H, W, Miller (EE-981),
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When the pulse voltage rises across 0,, the resistor Ry is
switched across the load through the spark gap consisting of
electrodes 3 and 4, Rgq discharges the chamber voltage with a time.
gonstant T = Rg (CS + Cc)-

In general, a fast rising pulse is produced which decays expo-
nentially, The damping, however, is adjustable, Note that the
firing of the spark chamber produces an additional transient which
clips off the tail of the above exponential decay and substitutes a
damped oscillation,

C. Recharge {yele.

After the output pulse is produced, the energy storage capacitors
are recharged on a RC time constant determined by the total parallel
capacitance of the energy storage capacitors and the series charging
resistor R,. The RC time constant can be adjusted by selecting a
suitable value for the series charging resistor R, An RC time con-
stant of at least 8 msec is necessary to allow sufficlent time {or
air spark gaps to de-ionize, A longer recovery time constant is
permissible providing pulse rates do not present a problem,

MECHANICAL DESCRIPTION

Fig. 3 (a) and (b) shows an internal view of the box in various
stages of assembly.

(a) (b)

Fig. 3 - Energy Distribution Box, Top View

(a}) Complete assembly,
(b) View {a) with T, energy storage capacitors
1
and a pulse shaping resistor mount removed,
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The photograph, Fig. 3 (b) shows the pulse shaping resistors and the
energy storage capacitors. To facilitate changing of values, both are
fitted with '"banana plug" type connections as are most of the inter-
connections., One output connector is located on the bottom of the con-
tainer directly under each of the energy storage capacitors. (The two
spark gaps may be removed for gap seiting by unplugging their connections
and removing three screws from arcund the base of the spark gap mount,
Spark gap adjustments should be made by the Counting Pool personnel in
Bldg. 14.) The container has been provided with "O-ring" gaskets to make
a gas-tight seal, Two LRL fittings are provided tc allow some circulation
of air or selected gas atmosphere. For safety reasons, when the distri-
bution box is used near a hydrogen target it is necessary to flow dry
filtered air at the rate of 1 to 10 cc/min. through the container. This
action replaces air (or whatever atmosphere is used) which has been con-
taminated by the spark gap firing. This is especially true at higher
pulse rates,

At low pulse rates and away from hydrogen targets, the LRL fitting
can be left open; the natural air circulation is then sufficient.

Flectrical contact tc preserve shielding is accomplished between the
1id and the container by a .,005" ridge milled around the container [lange,
Care should be taken when the 1id ig removed not to damage this ridge.

OPERATION
A, The Qutput Pulse Shape.

The output pulse shape and amplitude depend upon the circuit parameters
including the spark chamber and the interconnecting cables between the
pulse generator and spark chamber, Due to the current rise time in the
spark gaps and the possible range of circuilt parameters involved, the exact
voltage wave shape across the chamber should be measured if exact information
is required. The wave shape for a particular system can be estimated from
circuit theory. The following comments will ald in the selection of
variable parameters.

1. Cg 1s chosen to be several times the capacltance of G,. This
reduces the capacitive split of voltage which occurs across the
svark chamber,

2. The cable connecting the generator and the spark chamber should
be as short as possible to preserve a fast pulse rise time. For
an electrically short length of coaxlal transmission line, the
inductance added per foot is given by L = Z2_ t when Z5 is the
characteristic impedance of the line and T Is the one way transit
time, For one foot of RG 9/u cable L = 50 x 1.5 x 10=9 = 75 nHy.
which is comparable to the 50 nHy internal inductance of the
distribution box.

If necessary, several outputs from the same gap can be connected in
parallel to decrease the series inductance and the rise time of the
pulse,

3, To minimize spurious sparking of a chamber, the pulse voltage is
made to decay exponentially by selecting a suitable discharging
resistor Rj. The time constant is given by =t = Rd (Cs + Cc) and
usually is from 100 to 800 nsec. (See section VI for an example
of the effect of discharge tims constant upon spark chamber
efficiency.)
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B, Shielding.
1, Use double-shielded cable (RG 9/u) to conneect the distri-
bution box to the spark chamber,

PARAMETERS USEFUL WITH A TYPICAL CHAMBER.

The 4,000 pF ceramic capacitors and the 83 Q pulse shaping resis-
tcrs supplied with the energy distribution box were found te be reason-~
able component values for operation with 90% necn - 10% helium filled
spark chambers with the following dimensions: Plate spacing = 0.8 cm,
plate areas ranged from 37 cm x 30 cm to 30 em x 90 cm. Optimunm
chamber operaticn was secured when the high voltage supplied to the
energy storage capacitors was between 7 kV and 9 kV, A 2 £, 50 @
transmission line (RG 9/u) was used to connect the distribution box
to the spark chamber, Fig. 4 shows the spark chamber ef'ficiency as
a function of the high voltage supplied to the energy stcrage capaci-
tors. The efficiency is plotted for the following two conditions:

(1) when ionizing particles are known to have passed through the
chamber plates, and {2) spurious sparking resulting when particles
have not passed through the chamber. In both cases, a plot is shoun
for three different discharge time constants, (i.e., three different
values of the pulse shaping resistor).

As an example of the use of Filg, 4, one can see that of the three
time constants, 1 = 400 nsec gives the greatest latitude in H. V,
gap spacing and that for T = 400 nsec, 7 kV/ecm 1s a favorable choice
of field.

Other chambers exhibit similar characteristics; an acprepriate
graph for them facilitates selection of a discharge resistor and a
high voltage which will result in nearly 100% track detection
efficiency while producing a negligible percentage of spuriocus spark-
ing in the absence of tracks.
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TYPICAL SPARK CHAMBER S YSTEM’

80 6-6 (10)

To emphasize the role of the energy distribution box (SCPM) in a
system, a block diagram of a simplified spark-chamber system is shown
in Fig, 5., Table 1 indicates the time delays that are typical of each
component of the system., Counting Handbook references are indicated.
A1l components with the exception of the spark chambers are available

from the Counting Pool,

= DETECTOR

SPARK CHAMBER

======{DETECTOR

DIS

C.

SCPM

DISC.

COIN.

Fig. 5 - Simplified Spar

SGTA

k Chamber System Block Diagram.

SYSTEM COMPONENT TIME DELAYS3 CCUNTING HANDBOCK REFERENCE
Detectors 5-80 nsec” Section CC 8
Diseriminator & Coincildence 2-20 nsec® Section CC 3
Spark Chamber Trigger Amplifier 30-40 nsec Section CC €
Spark Chamber Pulse Modulator 10-20 nsec Section CC 6

TABLE 1

“The shortest time delays are not necessarily avallable from counting
pool equipment but can be obtained with commerecially avallable
components (e.g., Minature phototubes operated at high voltage per
stage and tunnel diode logic circuits.)

5Q. A. Kerns, "Spark-Chamber Pulse Modulators", UCRL-10887 (June 1963)
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Catalog Size in Inches Cataiog Size in Inches
pF Number D H pF Number D H
6KVDC 20KVDC
1000 705C1 1.062 587 360 708C1 1.062 1.125
2200 705C2 1.312 687 650 708C2 1.312 1.125
3900 705C3 - 1,448 687 1200 708C3 1.468 1.359
5100 705C4 1.718 937 1600 708C4 1.718 1.359
8200 705C5 2.000 937 2500 708CS 2.000 1.359
11000 705C6 2.187 937 3300 708C6 2.187 1.359
15000 705C7 2.500 937 4300 708C7 2.500 1.359
16000 705C8 2,487 937 5000 708C8 2.687 1.359
T 10KvbCe 30KVDC
820 708C1 1.062 812 240 709C1 1.062 1.312
1200 706C2 1.312 812 500 709C2 1.312 1.312
2200 706C3 1.468 812 00 709C3 1.468 1.562
3000 706C4 1.718 1.062 1200 709C4 1.718 1.562
4700 706C5 2.000 1.062 1800 709C5 2.000 1.562
6200 706Cé 2.187 1.062 2500 709Cé 2187 1.562
8600 706C7 2.500 1,062 3300 709C7 2.500 1.562
2600 706C8 2.687 1.062 3900 709C8 2.487 1.562
S 15KVDC - 40KVDC
390 707C1 1.062 933 180 710Q1 1.062 1.609
900 707C2 1.312 253 360 710C2 1.312 1.609
1500 707C3 1.468 953 620 710C3 1.468 1.843
2000 707C4 1.718 1.203 910 710C4 1.718 1.843
3300 707C5 2.000 1.203 1300 710C5 2.000 1.843
4300 707Cé 2.187 1.203 1800 710Cé 2187 1.843
6200 707C7 2.500 1.203 2500 710C7 2.500 1.843
6800 707C8 2.687 1.203 2700 710C8 2.687 1.843

QAK:HWM:mt

Fig. 7 - Ratings on Spragus Capacitors

Which Fit in the Energy Distributicn Box
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III, INTERNAL CONSTRUCTION

An assembled probe, rated at 40 kV peak input, appears in Fig. 1,
along with its exploded assembly,  The sphere is the high voltage elec~
trode, while the hemisphere is the ground shell, This geometry allows
a compact probe for a given peak voltage by minimizing voltage gradient.
(Probes rated at 20 kV and 80 kV use the same mounting base hardware
and differ only in the scale of the sphere, hemisphere dimensions, and
in the resistor strings.) The resistor string extends from the hv elec-
trode to the pin connector, which fits over the pin on the capacltor
disc, Foamed-in-place polyurethane foam provides support and insulation
of the hv electrode and the resistors,

The wide bandwidth characteristic comes about through the careful
alignment of the resistor string so that tge IR potentials at each point
are equal to the electrostatic potentials,

Flg. 1 - High-voltage Probe, Exploded View and Assembled

A, Output Termination,

It is vital to make sure that the output of the probe is always
a terminated 50 chm line, Otherwise, frequency response will no
longer be flat, and there can be internal high voltage breskdown
which may result in permanent damage,

B. D.C. Blocking Capacitor Use,

The probe is designed for pulse use, and the average power
dissipation 1limit of the resistor string rules out the application
of de directly to the hv electrode., When there is a de level in

%
For a more detailed discussion, see UCRL-11202,
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File No., CC 6-7 (1)
Q. A. Kerns

A, K, Wolverton
February 10, 1964

Lawrence Radiation Laboratory, University of Californla, Berkeley

COUNTING NOTE

A HIGH-VOLTAGE PROBE FOR NANOSECOND PULSES
INTRODUCIION

This note describes a wide-band oscilloseope probe developed for
monitoring the waveforms of high-voltage nanosecond pulse modulators
such as spark-chamber drivers and Kerr-cell shutters. The probe msets
three design objectives, The initial goal was a voliage atienuating
device that would put a minimum load on the voltage source and deliver
an output voltage to a 50 ohm transmission line, This 50 ohm output
voltage amplitude alsc had to be sufficient for a wide-band oscilloscope
like the Tektronix 519 (about 10 volts/cm deflection sensitivity),
either directly or through wide-band 50 ohm attenuators.” The third
objective was to optimize the probe band width to utilize as much of the
band width of these oscilloscopes as possible.

These requirements led to the development of a series of high
impedance, compensated probes for 20, 40, and 80 kV., The output, matched
to a 50 ohm coaxial line through a type N connector, has a rise time of
less than 0,5 nsec. Furthermore, the probe has dec response; there is no
droop imposed on a flattop pulse.

INPUT IMPEDANCE

Units can be made with various input resistances and voltage division
ratios under the constraint that for & 50 ohm ocutputb:

(input resistance) = 50 x (voltage division ratio)

For example, a division ratio of 200:1 sets input R at 10 k. The voltage
division ratios were selected to make the probe usable over a wide range
of input voltages in conjunction with the Tektronix 519, whose sensitivity
is approximately 10 volts/cm. For instance, with a 200:1 probe used
directly, 2 kV input to the probe will give 1 cm deflection. This enables
the user to view small details on larger peak amplitude waveforms, To
view a larger pulse with the same probe, one simply inserts a suitable
number of 50 ohm attenuators (such as General Radio 874-G) in the outmt
coaxial line,

The input shunt capacitance of the probe is as follows:

MODEL INPUT C
20 kv 1.5 pF
40 kV 3 pF
80 kV 6 pF

#*
For example, General Radio 874-G attenuators,
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Fig. 3 shows how the probe can be used with a coaxial trans-
mission line. A hole in the outer conductor with a suitable flange
permits mounting of the probe's ground shell rim flush against the

coax, Once the probe is in place, the hv electrode makes contact
with the center conductor of the coaxial line.

Fig., 2 - The 20 kV probe is used with a blocking capacitor
to monitor an anode of a pulser,
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Fhe circuit to be monitored, the probe requires a blocking capacitor
in series with the hv electrode., A tapped hole in the electrode
permits attachment of capacitors or other leads.

POWER RATINGS

A, Average Power Rating.

The same resistor dissipation considerations also put a limit on
the allowable average power in repetitive pulse application, The
label on each probe gives its average power rating,

B, Peak Ratings,

Two limitations determine peak instantaneous voltage rating, high
voltage breakdown and resistor non-linearity. In these probes break-
down voltage exceeds the nominal rating by a factor of approximately .
2. The nominal rating, however, represents the maximum voltage at
which the output waveform is essentially linear with respect to the
input, For instance, in the 40 kV probes, the resistance of the
series stiring decreases by 2 to 3% as input voltage changes from
0 to 40 kV,

In addition to the average power and peak voltage ratings there
is a peak nonrecurrent impulse energy beyond which there is a per-
manent resistance change, Resistor tests indicate the following probe
ratings, which must not be exceeded under any circumstances:

MODEL, kV MAXIMUM ONE-SHOT PULSE
JOULES ABSORBED BY PROBE
20 4
40 35
80 300

The energy absorbed by the probe can be calculated as:

[» ]
ALD/\ E° dt, E(t)
R o

is the pulse voltage waveform, and R is the probe resistance (given
on the probe label), If E(t) is completely unknown, it is good
practice to use a probe of higher rating for the initial testing.

PROBE MOUNTT NG

Fig, 2 shows an application of a 20 kV probe with a blocking capacitor.
However, for permanent applications, an enclosed ground connection ecould
normally be provided for the probe. The probe design permits mounting in
such a way as to eliminate extraneous electrical noise. The tapped holes
on the rim of the hemispherical shell allow attachment to a grounded wall
or ground plane, Similarly, in the hv electrode is a mounting hole for a
de blocking capacitor or an extension lead when space restrictions require

it.
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Fig, 3 - The 40 kV probe mounted in a coaxial transmission line,

QAK: AKW:mt,
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TEE QIRCUIT

The ac input to the power supply is dynamically stepped by means of
a switchable series impedance element. The impedance element is & two-
winding reactor., The impedance of the primary is controlled by switching
the load on the secondary winding between short circuit and open circuit;
thereby switching the primery impedsnce from nearly zero to L , the mag-
netizing inductance of the control transformer. During the quiescent
intervals between capacitor recharge, when there is little or no output
load, sufficient reduction iIn input voltage to the H-V power supply is
ensured by an extre load following the series impedance. Manual adjustment
of output high voltege is made by means of a variable transformer during
the quiescent period.

A resistive divider (the high-voltage meter series resistance) is
used to sample the high-veltesge output. Silicon controlled recitifiers
between the center tap and each helf of the control transformer secondary
are fired by this control voltage to effectively reduce the reactor imped-
ance to & low value during the boest cycle, thereby providing full line
voltage to the variable-transformer input for boost action,

OPERATING INSTRUCTIONS

An auxiliary meter on the front panel of the power supply indicates
the contrcl current tc the SCR gate, The sdjacent adjustment conirol
should be in the extreme counter-clockwise position while setting the
high voltege. Once the main-voltsge control (the veriable transformer
setting) has been set to deliver the desired voltage to the cepacitor
benk, the auxiliary contrel should be adjusted to bring the meter polnter
Just to the red line, The high-voltage meter will be seen to rise as
this contreol is rotated further clockwise, This is caused by the boosting
circuit eycling periodically.

Since the boost varles by half-cycle increments at the powerwline
frequency, the control accuracy is thereby limited to approximetely
1l percent.

Line, voltage regulation shead of the supply is highly recommended
since none is built in,

GC/mlr
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File No. CC 68 (1)

G. Constantin and
C. Anderson
August 10, 1966

Lawrence Radiation Laboratery, University of California, Berkeley

COUNTING NOTE

15kV 20mA SPARK CHAMBER BOOSTER SUPPLY

PURPOSE

An unregulsted high voltege dc power supply operating from regulsted
ac input power is often a satisfactory voltage source for spark chamber
capacitor banks., The high internal impedance of available unregulated
pover supplies at high spark repetition rates, however, cen result in a
drop in output voltage.

The 15kV, 20mA power units used at the Laboratory show a significantly
varying internal impedence fram no-lcad to full-lcad conditicns., With the
input veltage set to give an output of 15kV at 20mA, the impedance varies
from 270K at 2,5mA load to 96K at 20mA load.

If a 99 percent recovery of the capacitor benk voltage is needed, it
may be necessary to impose a costly dead time on the entire system, The
purpose of the booster circuit is to recharge capacitor banks at a higher
rate than is poseible with an un-eided power supply.

PRINCIPLE OF QOPERATION

An 80 percent recovery of a simple R=C circuit requires approximstely
1.6 time constants, while a 99 percent recovery would require L4.,6 time
constants, The object of the bocster circuit is to immediately boost the
gc input to the power supply by 20 to 25 percent following e spark discharge,
thereby forcing the cepacitor bank to charge up to the full quiescent voltage
level in the time normally required to charge up to the 80 percent level,
In practice the power supply iz used to recherge spark chamber capacitore
through current limiting resistors of sufficient value to allow the sparks
to quench, Since the power supply contains stored energy in the filter
capacitors, the voltage drop seen at its output 1s often less than the
nearly 100 percent drop on the capacitor side of the current limiting
resistor during a spark. Therefore, the bocst is effectively much greater
then the 20 to 25 percent voltege rise would seem to indicete, As seen in
the comparisons shown in Table I, the improvement in recovery time can be
close to a factor of 10, The times listed are for recovery within 1 percent
of the initial value,
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FAST RECOVERY 15kV 20mA SUPPLY PERFORMANCE

TABLE I

cc 6-8 (3)

LOAD CAPACITOR Juf -1 o luf

Voltage Beosted Unboosted Boosted Unboosted Boosted Unboosted
T.skv hSms' 600ms TOms 800ms 180ms 1,6sec

10.0kV L5ms 600ms TOms 800ms 180ms 1.6sec

12.,5kV LSms 600ms TOms 800ms 180ms 1.6sec

15.0kV 60ms 600ms 9Cms 800ms 220ms 1l.6sec
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SPECTRAL SENSITIVITY CHARACTERISTICS OF PHUTOTUBES: For equal values of radiant
flux at all wavelenghts.
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MULTIPLIER PHOTQTUBE - MANUFACTURER'S DATA

ABSTRACT

A survey has been made of the multiplier phototubes suitable for scintill-
ation and Cerenkov counting generally available in this country including the
characteristics of most interest to the experimenter. Many other photo-sensitive.
devices which may occasionally be used for scintillation counting have not been
listed, The quantum efficiency was calculated from manufacturers' data; all
other items were compiled from manufacturers’' informaticn. 1,2,3,4,5,6,7,8.

PHOTCTUBE TYPES

Phototubes with 3 or 4 digit designation numbers (e.g. 7046) lssued by
the Joint Electron Devices Engineering Council (JEDEC), are in commercial pro-
duction in the U,3.A¢ Developmental and specialized phototubes produced by
DuMont-are designated by the letter "K" followed by four digits, The RCA
Lancaster, Pennsylvania plant identifies its developmental tubes with a letter
“CT followed by 4 or 5 digits. UBS developmental tubes are listed as "CL™
followed by 4 digits. Westinghouse developmental tubes are identified with
letters '"WX", Developmental tubes are not in high quantity production, the
electrical characteristics are subject to change, and usually no guarantee is
made ag to future avallability.

CATHODE QUANTUM EFFICIENC

The cathode guantum efficiency, the ratio of emitted photoelectrons to
incident photons, as defined here includes the transmission and reflection losses
of the window and thus becomes a value for the tube and not the photosurface
alone,? The quantunm efficiency is given for the wavelength of maximum response,
i.e., the spactral region of greatest photosensitivity, Quantum eificiency has
been calculated as the product of the cathode radiant sensitivity in microamperes
per microwatt and the photon energy in eleciron volts for the.wavelength of
maximum response, )

PULSE RISE TIME

Two figures are cften given by the manufacturer: Anode pulse risge itime is
meagsured between 10% and 90% of maximum ancde signal, It 1s detérmined primarily
by transit time variations in the multiplier and with a small incident light spot
(e.g. 1 mm) centered on the photocathode.

Cathode transit time difference for a certain specified area of the cathode
is the transit time for light pulses striking that area minus the transit time
for 1light pulses striking a reference area (center) of the cathode,
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SPECTRAL SENSITIVITY CHARACTERISTICS OF PHOTOTUBES: For equal values of radiant
flux at all wavelengths,
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SPECTRAL SENSITIVITY CHARACTERISTICS OF PHOTOTURES: For equal values of radiant
flux at all wavelengths.
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PHOTOCATHODE CONTOURS:
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The shape of the photocathode is shown without implying its dimensions,

SIMBOL TIFE

A Reflection

B Transmission

D Tranamission

E Transmission

F Transmission

G Transmission

H Tranamigsion

K Transmission on
top of reflector

L Transmission

CROSS SECTION

2

EXAMPLE

1p21

6292, 6655

6810-A, C7170

56AVP

5819

7251, 7264

K1328

7029

2067
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SPECTRAL SENSITIVITY CHARACTERISTICS OF PHOTOTUBES: For equal values of radiant
flux at all wavelengths.
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Spectral response of the U-types.

Fig, 13, U Spectral Response
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PHOTOCATHOOE MULTIPLIER TIME RESOLUTION PHYSICAL SIZE N
DATE P
I .
S WFBR. e = |z i ANGDE DARK NDTES
HFER. Mo L g [T oo BB omone | AIN @ 0D, DARK PULSE |CATHODE |  WAx. MAX.
poNse | whx mesp. [PE- 8| 35 | umrace | Mg A0 WEDI AN e | o | o | (e
. . i gn. AIK . . LEKGTH
Pgs.2-5 s Iz
inches eff.e & gain @ ¥ amp @ gain nseg 158C inches inches
ROA 1931 8-63 $ite 5-4 12 & g 1 s |essw ox1efgr250 10-Bagy107 1-5/16 311716 o7eT3
wea 1p22 8-63 S 5-8 0078 A 31 5 Jossb 1.4x10% 1250 15510 7g1. 35100 1-5/16 3-11/16 cTL04
RCA 1728 862 T -5 18 A 51 s lessy sx10851250 2.5x10"%g5x10% 1-5/16 3-11,16 ¢7045
AMP 32 AVP 3-63 .19 A -13 B 10 L AghpQCs 3‘(106@]850 1077551105 1.01 5.4
AP 53 AVP 3-62 1,72 A 15 B 111 L |agwsocs|  4x107s1800 sx107%g108 4 2,24 6.0
AMF B2 (VP 3-63 1.13 t 3 B 11 | L fasugocs|  axtoTeisoo 5x107 83108 4 2 24 6.0
AMP 53 AVP 3-63 4.4 a .13 8 11 L |agMzocs 42000 5310 Te4.2x10° Y 5.3
AMP 56 AVP 3-63 1. 65 4 .13 & 14 L [AeMgocs 1.3x10%2500 5x10 %2108 z 5 2.1 7.5
AMP 56 UVP 3-63 1.65 v 15 E 14 L |egngocs|  1.3x10%2500 5x10" 84108 2 5 2.1 7.5
AMP 57 AVP 3-63 7.4 A 13 & 11 L [semeocs|  3x10Te2500 107 %91 25108 9.2 12.8
AP 58 AVE 3-63 4.3 a 15 6 |11 | U [aeweocs| 1o 8sz000 L.5x10 %9108 ] -1 5.37 11.25 icujelans
ITT F¥ 129 5-62 100 §-11 oo B |16 | 8 gx10% 43250 2 514
AP 150 AVP 3-63 1.26 4 .15 A 10 | L |asMeocs|  1.8x10 Te1go00 5x10 8g108 1.56 5
AMP 150 UVP 3-63 1.26 u .13 A 10 | L |agweocs| 1.8x10"7p1800 5x10"Bp108 1.56 4,98
AMP 152 AVP 3-63 .55 A .88 2 10 | . [aemeoes|  1.ax107Tgzc00 107 Te7. 51208 k] 413
AVE 153 AVE 3-63 573 A 18 B 11 L |agugoes| 4310 7s1g00 53107888, 5x10° z.14 6.0
ASCOP 541408 5-62 39 snood 10 B 1ax| 107#3500 21107105 - 1.28 5-1 e e
ASCOP 5424-01 5-62 1.46 shoed 16 e | v 10752500 2n107% - follage Divide —~
ASCOP 5434-01 562 1.69 sboed 13 5|14 | v 22107 7p3500 sx10° % 1. 985 Tolr2 —
REA D314 4-63 5:16x 5-4 08 4 9| & [os sh 2x10%g1250 5.0x10” %6, Ta10? 1-5/18 3-11/16 7075
CRE €LIO0¢ 6-62 :évie 5-11 . 158 g |12 | v [same 22107 8125V~ 4x10 %g3 9x107 2.5 3 2-1/16 5-1,2
cBS L1008 1-61 1,74 5-13 158 B 10 N P 2. 2x10°8103V% 4310783, 3x10% 2-174 §-3.4
CBS CLLOOY 10:589 2,80 §-13 (158 ] 10 1 |agne 3 2310 7p105ve 4x107 883 3x10% 3.3/32 £-13/16
CBS CL1012 10/58| 1.28 5-11 158 E |10 ] v |ueme 2. 22107@10 v ax10°843 35108 1-9/16 5
©BS CLLU1E 6-62 2. 70 s-11 158 1@ | - [aeme 2x107 @125v» 6x10°793.3x107 -2 ~Ton
CBE €LLO18 6-62 174 §-10 127 10 | - |asms 1x10 7010 BV* 8x16 a4, 45108 ~2 ~5-3/8
cms CL10z¢ 1.75 512; - B T 2x10591750 sx107%g - 2-1/4 5-1/8 Neptron
oBS £Ll1029 6-62 2,70 - 11 .158 10| - [asMa 2, 2x10 *g105v= 1x107%53 33108 -3 ~§-5/8
AMPXP 1010 3-63 1.28 2 15 B 10 | L [AmMe 1 1791800 sx10”Pg10% 1.56 5.0
AMPXP 1020 1-64 1.65 A - E 12 L - 10893000 531079 ax. 2 1 2.05 7.40 PM 507
AUPYP 1030 2-63 2.5 A . 1a7 8 |10 | © JagMeoes| sx10%2000 2x10" a1, 7x10% 7 T 3,05 525
AMPXE 1031 2-63 2.3 4 16 8 |10 | n {aeweocs| sx10%sz000 2:10"7e1, 7x108 7 7 2,93 8.25
ANPXP 1040 2-83 a3 » 147 g [1s | v |eewsocs| 108es000 1.5x10" %108 2 -1 537 1t.25 Plane Conceve
¢BE CLLO4E §-62 1.74 s-11 158 10 - |eu ne 1.6x10 Y910 5v= 6x107 %53, 3210° ~2 ~5-5/8
CBE CL1050 T-80 0,78 5-13| 1.s8 14 AgMg 2xioT@1g5v. 10-Tez 32107 2-1/18 §-18/16
CBS CLLDE4 7-80 | 0.3x0 RUTe 15 13 AkMe 10" grasvs 10711108 2-1/16 5-9/18
GBS CL10GE 7-62 1.74 FbTe 0z 14 AxME 10%e143ve 197 Mg108 ~z ~8-3/ 4%
CBS CL106T 7-52 1.74 CeTe 02 14 Aghe 10%g1a5vr 107 Hg108 ~3 ~§-3/4
CR& CL1081 7-62 1,74 KNRSDH 10 AeNg 1.2x109g145v* 2x10" 85106 ~2 ~5-5/6
CBS CL108S T-62 1.9 5-13 131 10 AgMg 2. 231028105V 6110"%g4y10% ~2 ~5.5:8
cBS CL108% T-62 J3x.8 RbTe 15 13 AxME 1678145vs 10-Hg10f ~2 ~5-TS 16
£B$ CL1090 182 1.74 s-11 .158 14 | o [RENECU 2x107 a125vx 3x10 8g107 2.5 3 2-1/16 6-3.8
£BS CL1083 7-82 4.86 $+11 138 14 Ache 2x107 g2+ ax10° g3, 32107 ~5 ~8- 5/8
CBS CL1GRS T-62 14 0 5-11 14 ApMyg 2‘(106@145V" ~16 ~14-172
cBS CL1vgE 762 4.36 5-11 17 10 ApMe 25108914 5v= ax10 %aq. 0x107 -3 ~T-37 4 -
CO5 CL1G9T 7-62 4.38 H-11 17 10 AgME 2x10fa145ve 4x10" %33 3x107 ~5 ~7-3/4
CBS CL1L07 T-82 4.86 5-11 . 158 14 AiMe 22107 3145Yx 8210 %03, 31105 ~5 ~8-5/B
“CBS - Carrent Gain @ Maximum Rated Voltage/Dynade.



Multiplisr Structure:
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PHOTOCATHOCE RULTIPLIER TIBE RESDLUTION PHYSICAL SIZE
DATE e
TYPE wo |
5 WEeR SFEC e e ANODE DARK NDT
WG b S TRAL WANTUM ool 5 [Z | ovnase GAIN @ R PULSE | CATHODE MAY. WAX. Es
- tze |pes- | EFRoe ML T lRrace MAX. RATED G RRENT RISE | TINE OVERALL | OVERALL
PONS NAX. RESP.|" ™" S i5a YOLTAGE GAIN TIME DIFF. DIA. LENGTH
. =
Pgs.2-5 g =
inches eif.e k gain @ ¥ anp @ gain nsec nsep inches inches
i A g -
RCA 4438 12-61 1.24 §-11 S102 B 10 5 | Ossh 3.6x10%g1250 5x107%a2 an10® 1.58 3,01 Rugsedized
Dimen. Less
RCA 4439 162 1.5 s-11| ez B |10} s |ecsso . 1,56 1.0 hagen s
Ruggedined
RCA 4440 8.51 124 8-11 102 B 10 s |cssb 3.6x10%1250 51107832, 3x10° 1.56 312 Ruggedized
RCA 44414 11-63 1.24 5-11 102 B 10| s |csss 3.6x10801250 5x10 8e2 3x10% 1.36 3.18 Rugsedized
RCA 3359 11-63 1.68 5-20) 1o g 1z} L 4310782800 3.9x10 Teax10f 2 0.5 2.06 §.31
RCA 4480 264 5 s-11 178 E |10 ] t |tuse ax10%g1500 - 0.753 338
RCA 4461 2-64 1.24 5-11 L1Ts B 10 & CuBrn 7x105£1500 1,58 3.18
RCA 4463 2-83 1.68 5-20) . z0ed200| B 10 v | cuBe 5.:4x10%02500 1.2x106 %a7. 6x10% 9 2.31 5.81
RCA 4464 12-63 2.38 g-20] . zogazoo| 8 [ to | v |cuse 5.3210%82500 1. 2010737, 5x10% 12 3.08 6. 31
RCA 2465 12-63 4.38 5-20) .z0gdzoo B 10 v | cuBe 5.3x10%g2500 1 gx10”87. 5x104 15 5.31 768
WEST. 4582 11-60 172 5-11 121 B 1w - 1.5x10%0108" 374 3-7/8
RCA 5818 3-53 1117168 | s-11 1 F [10] s [csss 2.4x10%1250 - 2-3/16 5-13:186
EMI 6094B B-61 39 5- 11 15 - 10 ¥ Ts8b - - 1.82
RCA 6199 8.56 1.28 RER! IEC ) B [0 ] s [ess» 2.8x108¢1250 5.8x10 804 4xy08 1-9/16 4-8/16
RCA 6217 8.63 1-11/16 | §-10 055 F 10 S | cssh 2.8xi0%1250 5310 Tg5x10d 2 5/18 5-13/16
- seated
EM1 62358 11-83 1.7 5-13 - - 13 ] v {csse 7.1x10781800 1.6x10 787, 15107 8 2. 02 a
. 8 . seated
ENI 60978 11-63| 1.7 5-11 .1veazooa| - 11| v jcssho 29510782150 ax107%a2, 9x10 i 20 t.9
Duront €291 63 1-174 s-11 (158 S 10 B | AgMe 2v1058145" 5x10°8e2. 15x108 1-8/18 B Fom
Dumont 6242 63 1-1/2 s-11 158 B 10| B JagHe 2x1088145” 5x107%g2. 155107 2-1/4 5 13/18
RCA 6328 8-63 .83x. 31 ] S-4 - A 9 5 |rssy - - 1.31 3.12
RCA 63424 9-58 1.68 s-1if 181 p || S [cuse 7x10%31500 45107 %2, 55100 3 4 2.31 5. 81 nas heMe
Dumont 6362 63 12 s-11] 127 B |10 B |AgMe 1.5:10%8105" 5x10” ®el Bx10® 25732 5 8s18
Dunont §383 83 2-1/2 §-11 158 8 | 10] B [agMe 2x1089145” 53107892 155100 3-3732 6-5/16
Duront 6364 83 4-3/16 §-11 168 B 10| B AR 2x10%8145° 53107833 152108 5-11/32 1-11/16
Dunont 6365 83 102 s-u|  1ss ] | B | 3r10%51507 107%gax103 o 2-304
Tumont 6467 3 1 5-11 158 B 10| B | Aewe 2x10% 1457 sx107%gz. 15210 1e142 411718
ROA 6478 8-63 | 15/16x5 18] 5-3 - A 9 8 |cssh - 1-3:16 2-3:4
RCA & Dum 86554 5-63 1,68 5-11 12 0 10| 8 [ecssy 1. 4x10%1250" 4x10"%3. 81108 3 4.5 2.31 5,81 cT188
8 iy 7 was AgMe dy-
RCA 68104 5-63 1.68 s-11 158 D 14 L | cuge 108pzs00 4x10 %a2_8x10 3 3 2.38 7.5 noggTBT
1181
RCA 6803 2-63 1-5:8 $-13 13 B | 10| L |osse 2.2x10%81250 1.2x10" 793, 3x107 3-5/18 6-9/18
Dumont 6911 62 1-17 51 0025 B 1| 8 | Aeme 5x10%6105" 1.5x10"%g5510% 2-1/4 5-13,16
Dumant 8933 53 172 s-11 127 B | 10| B [csse ax10%a10s" 107 Te3x10% 25/32 6-1/8
RCA 7029 5-63 s5%. 5 | s-11 2 k | 10| s |cusn 1. 8310863250 axto~?s1. 6x107 1. 56 313
1 -6 [} May be CuBe
RCA 7046 8-63 4-7/186 5-11 13 o 14 L AQHR 2210 ' §3400 Sx10 §B. 3x10Q 4 5-1/4 11-1/8 Dynodes Extended
bumont 7064 43 1-1/2 5-11 . 158 B 1| B |casp 7 5x105990" 5x10°807. 52109 2-1/4 5-13/16
Dumont 7065 63 1-174 511 . 158 B 1| B |cssp 7 5x105g80~ 521073 47, 52107 1-18/18 5
May be Cuf
RCA 7102 3-63 | 1.24 5-1 _on42 8 | w| s |aske sx10941300 1. 56 457 Dynodes 07160
RCA T117 3-58 . 83x. 31 £-4 A g 8 Cssb 21250 1. 31 3.12 7253
Aca £-T1R1C 10 , Ruggedized 6199
< 2 5-61 124 511 10 B 1-9/18 4-B/16 (F3 UV FACE
C- F
N 3 ¥in, PFerro-
RCA C-T1511 2-54 1. 24 5-11 10 B DN Ix10°R1250 1. 58 3.5 Magnetic
REA C-T1513 2-84 511 ShNL ax10%g1250 1. 58 2.5
[
RCA C-TI151X 2-64 5-1] ShCuBe arx1ete 1. 36 3.5 o
RCA C-T1BYD 2-61 None 12 L AMR 3.38 7. 50 Unsealed
RCA €-T187E z-61 None le L | agMk 2. 38 1. 50 Sealed
RCA ¢ T18TJ Z-61 Hone 14 L CuBn 2.38 750 Unsesled
RCa C-71BTK 2-61 None 1d L CuBe 2. 38 7. 50 Sealed
RCA 7200 4-5% BRI S L] 4 s| s | ecssy ax10%p1250 1,31 5. 50
5 ] -8 T May he CuBe
RCA 7264 B-63 1. 68 s-1 158 G 14 L] AeMe 10% 42400 10" %82, 9x10 3 1 238 T 50 d¥nodes (072513
*CBS - Current Gain @ Maximum Rated VYoltage/Dynade.
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PHOTOCATHODE MULTIPLIER TIME RESOLUTION PHYSICAL $)2E
TYPE s 8w
oF SPEC- & e CURRENT
-~ -
ViR HFER. AL | maNron ool S E e | owone GALN @ ANOTE AR PULSE | CATHODE NAX, WAL, ROTES
. SPEC. | size \mes- | Ef. e [SMAPE) )BT PR KAX. RATED RN RISE | TIME OYERALL | OVERALL
PONSE | MAX. RESP.i & = gna.‘ YOLTAGE AIN TIME DIFF. 1A, LENGTH
1 -
Pgs.2-5 s |E
inches sff.e & gain @ ¥ amp @ gain nsec nsee inches inches
CBS (L1117 7-82 1,74 5-11 158 14 Akig 2x107 g125v~ 4x10 %53 32107 -2 —§-3/8
OBS CL1125 7-62 1. 74 RbTe 15 13 ARME 3x1059145v% 10711g;0% ~2 ~6-5/8
CBS L1132 T-62 1.74 5-i1 lal 10 | - Jagve zx1afg145¢" 33107 %03, 3x10% ~3 ~5-5/8
CBS CL1136 7-62 1.72 8-1 0028 14 < fasue 1078105%" sxin Ye10f ~ ~§. 178
CBS CL1143 T-62 174 5-13 138 14 - faeda 2x107a125%" sx107%@3.3x107 ~2 ~§-13/4
CBS C1.1148 i-82 Bx. 6 R Te 15 13 | - |aeMe 107145y 10-1g10% s ~3-7/18
£BS CL1130 7-62 75 5-11 158 14 | - |eava 2510781257 ax10 843 3x109 ~1-1/2 ~4-374
CBS CL115H T-62 1.3 K-NaSh 14 Ardy 6. 2x10%g145y" 1x1078g 108 ~2 ~§-3/4
Dumont ®1209 €3 4-3:16 1 8-7 158 12 | - |eeve 2v109p0s” ax10 Ggay10® ~5-1/4 ~7-374
Dumont K1213 63 2-11,16 s-11 158 12 B ARVR 2x105@95‘ 3-1:8 Te1ia
Dununt 1295 63 2 s 138 12 | B Jakwe 2x10%v108" 2-1:4 6-15/16
Dument K1303 63 172 5-11 13 P P ax1084150 78 2-3:4
Dumont K1305 83 1Lz 5-10 032 10 | - {akke 2x105s14s” ~4-7/8
Dumont K1328 63 14 5-11 11 Wtz | B (aeve yx10%e105" 16 14-174
Dumant K1361 53 1 5-11 138 o | - |essn 7.5x10%90° 1-1.2 3117186
Sumont K1384 83 11-174 | s-11 11 Hof1z | - |Aewse Bx107g105" 12-3/4
Dunont K1386 63 19174 | s-11 11 w1z | - aema ax10%: 105" 20 1116 181782
Dumont k1390 3 Z-1.2 S-11 158 10 - |esss 7.3x10%¢00" 3-3732 7-5716
Dunoent k1381 63 4-3-16 | s-11 158 1o | - [cusy 7.5x10%580° 5-11.32 7-11/186
Dumont Kid04 w3 12 5-1 L0018 6 - aew 3x10%6145° 7/8 1-374
& v . Special
Dumont K1428 63 1-1.2 511 158 R EU I R LT 2x10%9143 2-1:4 5-13:16 Photacathods
Bumont Kld451 63 12 5-10 032 6 - laemx ax10%8145" ~3r 4 ~2-3/ 185
Dumont K1485 63 2-1:2 5-1 . 0025 1G - ApME 5!105@105- ~3 ~5-3/8
Dumant K1527 63 1 5-10 .032 e | - |aeme 2x1088145" ~1-174 ~4
Dumant K1528 A3 172 5-10 032 10 - Aagme 1.5x10%g105" ~37 4 -
Demont K15G6 63 142 5-13 127 10 | - aeme 1. 5x10%8305° 0.85 5-1/8
Dumont R1638 53 1-1.2 5-23 011 B e [ - [agve 1o8u14s” 2-1/4 6-3/18
Dumont K19%7 63 1-1:2 5-20 16 E EUT B PYA T 2x10%8125" 3x10"9g2x10% ~2-1/4 ~5-13/186
Dumont 1961 fik 1-1/2 5-11 158 B U I I PP 2x10%p145” ~2 ~4-7/8
-8 E . . Low Resist.
oA 2020 8-63 1.5 811 11 8 |10 | s [cuge 4.5x10 Baax10 2-5/18 5-13716 Cath.
. & -8 5 Dimen.Less
RCA 2067 16-52 1.24 5-11 102 Lo | s - ur108p1250 sx1n$a2 axi0 1.58 .80 base
Mia._ i
Dumont Kzl42 83 523 .8hTs - fw | - |aeke 1. 5x10%g105% ~ 84
pumont K2167 82 2-1/2 520 18 e | - |ague 2x10%8195° . 2-3.52 £25:16
pumont K2173 53 4-2716 | s-20 19 CE T I S P 22105 145" - 4-11¢32 T-11/16
. X TFFTEaT
pument K2199 63 1 5-20 18 - 10 - aeve 1.5x109§125 3x10 %p1.5x10° ~1-1/4 ~4
Dumont K2199 53 1172 5-11 158 - | - Jessy 3x10%8105" 4x10"5ga. 32105 2-1/4 5-13,186
Dumont K22E7 61 1-1.2 s-11 138 E EUI B FPTI 2x10%8145° sx10 8pax10f 2174 5-13/16
Dumant R2242 83 2-1-2 $-11 158 - | o |aene 2x10%145" 3x10 Ba2x10% ~3 ~5-378 Ruggedized
bumont K2244 53 1.68 5-20 18 E BT I PP 3x1078145" 7. 5310 w3x107 2.06 T-1c2
Bumunt K2E53 53 2-1:2 5-11 158 - e |- Jesse 2 Ax107@145" 4x10 %s3.3x10° 3-3/32 6-5/18
Dumont Kz276 83 1 $-1 o4y - 1o | o agme 3x10%70° 1.5x10 %82, 9x107 ~1-1/4 ~q
Dumant KM2260 83 1-12 8-1 0048 - |10 - lasMg axio%at0” zx10 %2 52108 20174 5-13/16
Dumont KMZ294 63 5-8x5°8] s-23 13 - g | - Janve 5310%a145" - ~2 ~4-i/8
. Tyvical
Dumont KM2328 €3 1.2 5-20 19 - 10 - Aghg 4:1055145 2x10-3ﬁ4l105 ~3/4 -
Domont KMZ334 83 1-10n S-11 16 - |13 | - Qesst 1. 1x10%9145" 4x10 Taax10™7 -2 ~5-3/4
Dumort K¥2356 ] -1z B-11 158 B XU I FYY 2x10%9145° 5x10 %paxi0” 2174 4-13/18
Duront RN2357 63 5:8x5:8] 8-20 20 - 9 | - aeue 1. 3x10%e145" - ~2 ~3-T/8
Dumont KMZ368 83 1. 68 5-11 L1538 - 14 - AEME 1,311073105‘ - -3 -9
FCRS - Carrent Gain § Mazimon Rated Yoltage, Dvoode.
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PHOTOGCATHODE MULTIPLIER TINE RESOLUTION PRYSICAL SIZE
TYPE DATE v
OF SPEC- =B - CURRENT
- -
W aron. L | oTon (ol B[ | pynone GAIN @ o K PULSE | cAThonE HAX. WAS. NOTES
- £C. b 43 RES- EFF. & Pp. 6] = |w . [SURFACE MAX. RATED Y RESE TINE OVERALL GYERALL
PONSE | MAX, RESP.|'E- P| S [z V0L TAGE NEE'NN TIME | DIFF, DIA. LENGTH
g =
Pgs.2-5 g |E
inches eff.@ K gain @ ¥ amp @ gain nsec nsec inches inthes
RUA CT01018 1t-63 1.58 - . 2463342 s [12] b | cuee #3000 1.8 2. 05 6.81 fadghan
RCA TOLL3 fi-G1 1.24 S-11 .1 - 10 5 CsSh 1-971 46 1-3.16 Rugpedised
UY Fuce
RCA CT0L134 2-6% 1.2¢ Cs8h 102 B 10 5 1.56 3.18 4441
TCA CT0118 g-52 1.68 - 18 G 10 L CuBe 2,18 6.12 Silica Face
RCa 70117 T-63 1.68 - 1g G 12 L CuBre 2 a 2,15 6. 31 Eilica Face
RCA CTO120F 5-62 NO CATHODE 14| v | cuse Venetian Blind Wultipiier
RCA C70121 B-61 I1.24 5.11 L1t - 1 - TuBe al500 1-8-14 4-9'18
RCA CT0122 6-62 1.68 5-13 147 a 10 L CuBe 2.3 612 Silica Face
sed Sili
RC4 CT0124 12-61 1.63 s-13] 178 [ 8] L - 2.81 5,12 Pegt St
RCA CTO127 T-52 .5 csTe 0362587 R 12 1316 3.8 VY patector
RCA CTO128 7-62 5 cutel .ose2san| B faz| - 13:18 18 Laffece v
RCA €701297 2-64 060X, 373 -4 . 0942000 A & S sheude| 6, 5x10%1250 i1 1.37 Ruggedized
RCA C70131 5-62 NO CATHODE 14 1, 3.105 1.15 Nu Envelope
Ext, - 7
RCA C70133 i-64 4.75 5-11 178 H 14 L CuBe a3000 1.9310 GGBX]U’ 3.5 5.25 10,5
RCa ©T0136 Pn;l‘rd
- Voltage
RCA 701388 2-62 L Divider
RCA CT0136B TTET
. P . 5 Al,0
RCA CT0145 2-64 2.75 . 18824003 B 10 v 1.7x10% 2000 4.0x10° %41, 1x10 3,06 ] 243
windaow ﬁ_

*CRE -

Current Gain @ Mazimum Rated Yoltage Dyoode,
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PHOTOCATHOOE MULTIPLIER TIME RESOLUTION PHYSICAL SI1ZE
DATE v
TYPE | w
& NP SiEe = |2 CURRENT ANODE OA NOTE
MFER SPEC. TRAL | QUANTUN [corl 55 | S | DYNODE BAIN € HODE DARK PULSE | CATHODE i, KAY. §
: . SIIE RES- EFF, @ Pe. B| & |w o SURFACE MAX. RATED WED| 4 RISE TINE OYVERALL OYERALL
PONSE | MAX. RESP.|'® =T YOLTAGE TIME DIFF. DIA. LENGTH
Pgs.2-5 s |E GAN
- z B
RCA 7265 #-63 188 5-20 19 i 13 L | cuse 2x10% £3000 2x10" 7 96. 7x10% 3 3 2. 38 7.5 Was AgME
RCA 7267 2-59 169 513 138 B 14| ¢ 108 32400 107 Faz 9x107 1 [ P T s
RCA (7268 12-81 1 68 8- 20 18 B 14 L #3000 2 20 T8
RCA 73226 8-63 1,68 5- 20 19 D 1w | v | aews 1 éx10%s2400 25 3 s 3 P e tuBe
Dumont 7664 63 1-1°2 513 158 10 seMe 2x1084145 5x1078s2 150107 2-174 513716
RCA 746 8-63 1,68 s-11 138 4 w| o | cuse sx107 2500 2 5 2 31 612 CT260H
E
RCA T164 B-R3 3 511 173 F G L CuBe 1. 4x107 413500 0.7TR 975 191
RCA 7767 B-ti0 102 §-11 £ L 4. 2x10%31500 153 ‘o
CBS 7817 8-60 511 18 E | L[| AeMe 32006 2.5 3 R ) 5-3:4 or CuBe
CBS 1218 1-61 2.70 11 .16 b} 0 L AeMe 2000 3 3 3-1-16 6-1/4 Or CuBs
CBS T8¢ 1-83 4.36 5-11 16¢ E 1w | L | aems #2000 5-11:32 -8 Or CuBe
REA 7850 1-61 1.68 51 kL] d 12 | cuBe 2. 6x108 32600 2. ax107 048, 6x107 2 5 106 631 CI000TA
Dumnne 7850 63 511 127 B 10 B | ague 1.5x1073105 sr10 Baiaxio? 25732 -178
Base-Potted
west 7908 462 s-11 127 10 778 5-172 Flexihlco Lead
Base-Potted
Wesl 7409 1-63 5 11 127 | L 778 5-1 Flexible Lead
ROA 8052 10-61 168 5-11 . 169 B | ¥ | cuse 1. 6x10%52000 4.0x107 %31, 2x107 2.31 5 B1 €70108
RCA BOS4 5-81 2 59 511 .18y B 10| V| cuBe 1 8x10% 32000 4.0x107 %91 25107 208 8 51 70030
RUA 8035 §-63 4 a8 511 . 169 B 1w ¥ cuse 1. 8x10% #2000 403107991, 25105 531 7.69
Dumunt BO&Z 83 1 81 L0025 3 1w 5110%¢105+ 1. 5x10° Pasx10? 1-5°16 4-3-4
1 o 7 sunled
FK1 95148 11-63 1.7 5-1% 13| v | cssbo 7.1x107a1800 1.5x1u e 1x14 g 2.00 477
. H 8107 seated
ENL 95148 11-63 1.7 s L14242004 13 v | essn 1082100 3x107 %510 E) 2.00 4,17
] g [} seated
EMI 85248 11-82 91 5-11 1| = f cssno 7. 1x108%31500 2.0:107 %59, 1x10 i 113 Fa)
T -9 107 seated
EMI 95245 1162 -8l 5 1442004 1" B | cesn 10781700 sx10° %10 10 1.13
_ - 8 -8 g seated
EYML 83268 11-63 ¥i £-13 12642004 11 B Cssho To1x107#15400 2.0x107%x7.1x10 12 1.20 ¢
" = seated
ENI 55308 11-62 ¢.37 5-11| _17a4200 11 v | cxshn 2. 8310752400 2x10 a2, 92107 18 5.1 6.7
~ F _B T seated
EMI 93318 11-63 3.0 s-11] .1781200 11 v | €ssb0 2.ax10782300 10752 510 12 3.8 6.1
EWI 95363 11-62 2.0 s-11[ 1784200 o v | ceseo 7. 1x1051750 Tx107 Py, 1u10f 1 2.23 1.9
EKI 95365 11-63 2.0 E 1764200 1o v | ossno 10761800 1.5xt078g107 6 2.25 49
EMI 834HR 11-63 H_R5 5-11 1784200 11 v 8580 3 3K!07$2900 3)(197693.3.‘\101 23 112.2 14.2
- 3 - & _ seated
ENI 95528 1163 2.0 §-13 - 1o v | cssho 7. ixt08e17s0 97,1310 5 2.25 5. 63
G -4 - 6 seated
EMI 95588 11-63 R §-20]. 14, 208420 11 v | csshb 3.7x10%1650 6x167 %83, Tv10 8 2.0 5.3
EMI 9578R 13-63 2.5 s-11| 1781200 10 v | essso 107781750 2. 621081077 11 3.1 5.4
EMT 85788 11-83 4.37 $-11] 1782200 10 v | cuswo 2.sx1081800 2x107 792, ox108 15 5.0 6. 73
EMI 9618B 11-63 4.37 §-11] . 1724200 11 v | cssbo 2.9x107@2400 22107 %2 8x107 Lo 5.1 6.7
EMI 96238 11-63 6,97 s-11[ . 1784200 11 v | cssbo 4.0x10%& 3400 107 % 0x107 20 7.5 N
RCA 70014 6-B1L L.24 5-11 .18 - 10 2 Culie - - 1-9:16 3-3716 Ruggedized
¥ Face
RCA CTOU144 2-62 1.24 Caslh 1B B 12 7 Cule 1-8/16 3-3716€ Ruggedizad
Lorad Glass 10 Counts mia/Ke or
BCa CT00800 2-62 v % of comp. Glass Sec 8054
RCA CT0U3BR 3-63 5x. 658} - .27 & 10| s - 41500 - 1.36 3.56
RCA CTU0D424 1-063 5 5-20 169 B 10 L CuBe @1 800 155 1.7
Lorad Glass 10 Counts./min/Kg or
RCA CTOD43D 362 v 8% of Comp. Glass Sec 8055
5 Eaty H 5
RCa 700458 4.3 1.2 s5-11 .18 H 14 L 107-1,3x10786000 bl 3.25 1.5
1.75
R s 3,25
. RCA CT0043C 2-6¢ 1.2 - 18 H 14 L - 1076000 1175 10.5
RCA CTO046 161 1.64 5-20 18 a 10 L - A2ZB00 2.31 g.12 5-20-7746
RQA CT0101 -2 1,68 5-20 18 G 1z L] cuse 42400 2 5 2.06 6.31
=UBS - Currcpt Gain @ Maximum Rated Voltage/byoode,
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2. {Continued)

E, Quantum efficiency (in _per cent) of the photocathode measured at
a wavelength of 4200 .

F. Optimum focus electrode (Gl) voltage - the ratio V
which the maximum anode pulse amplitude is
obtained with the entire cathode illuminated by a mercury~capsule
light pulser.

G. Optimum Gl voltage (7046), The ratio VK—Gl{vK—GZ at which the con-
dition of Code F is fulfilled,

H., Optimum G2 voltage (7046). The ratio V
dition of Code F is fulfilled,

These quantities are described in more detail below,

k-c1"Vi-p1 &t

K—szvK-Dl at which the con-

TESTING PROCEDURE

The testing methods described below were developed to test multiplier
phototubes for characteristics important to counting applications,

1. Impedance Check,

A check is made for open leads and short circuits between the tube
electrodes using the interelectrode impedance checker.’ In making these
short and open tests, an ac voltage whose peak value is approximately
the rated interelectrode voltage is impressed in turn between each
electrode and all other electrodes. This is done with the tube at rest
and when it is subjected to an acceleration of about 5g.

2. Standard Gain Supply Voltage (Code B).

The applied voltage necessary to obtain a specified pulse curreng
gain is measured., The light source is a mercury-capsule light pulser
and the output current is read as the deflection of the trace on a
5XP-type CRT. The dyncde voltage distributions employed in this test
are listed in Table 1 along with the values of the pulse gain to which
test results refer,

In the case of tubes for which optimum focus electrode voliages (Codes
F or G and H) are listed, the standard gain supply voltage is measured
with the focus electrodes set at these voltages.

The light pulses ares short enough so that after pulsing does not
affect the results of the pulse gain measurements.

1F. Kirsten, "A Study of Defective RCA-6810 Multiplier Phototubes™ UCRL 3430 Rev.

2Due to some ferromagnetic parts in tubes they may become permanently magnetized
when carried or left in high ambient magnetic fields, This magnetism can deflect
electron paths in the tube and thereby reduce the gain by several orders of
magnitude, Tubes which may have been exposed are degaussed before gain measure-
ments are made.

34. Kerns, F. Kirsten, G. C. Cox, "A Generator of Fast-rising Light Pulses for
Phototube Testing" UCRL 8227 (March 1958), also Review of Scientific Instru-
ments, Vol, 30, No. 1, 31-36 (Jan., 1959)
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COUNTING NOTE

PHOTOTUBE MEASURING TECHNIQUES

ABSTRACT

This note *describes the testing methods used at UCLRL to determine the
suitability of multiplier phototubes for nuclear counting applicatioans. It
also explains the code in which the results of the tests are placed on each
tube. These tests are performed on all newly purchased tubes of the type
numbers enumerated below, as well as on tubes returned to stock.

TUBE MARKINGS

The types of multiplier phototubes listed below are presently being
tested in the way described in this note. The results of the tests are
recorded on white stickers which are then placed on the keys on the bases
of the tubes. The method of coding is illustrated below.

1. Tube Types

2067, 6653, CL1050, 6810A 7046, €-70133
6655A, 63424 €c7251, 7264, T265,
A A 8575 A
' ]
256 24 13 B B ) S
B 2100 2300 D B 1900 2400 D B...2300 3200
c—1 0.2 15 E c .1 20 E c— .i/// 14 .87 |—H
LI
VA
D E

2. Code Index

A. UCRL serial number. This number should be referred to in requesting
further information regarding the tube from Physics Technical Support,
Electronics Engineering.

B. Standard gain supply voltage. The supply voltage required to obtain
the standard anode-pulse current gain using the voltage dividers
listed in Table 1.
standard current gains: 665354, 63424, 2067 2.5 X 10°

6810A, C7251, 7264,
CL1090, 7046, 72635,
8575, €C-70133

Anode dark current (in microamps) at the Voltage of Code B.

Maximum operating supply veoltage - the voltage giving the maximum
useful gain, beyond which voltage the operating characteristics of
the tube become impaired.

These methods were initially described by Bill Jackson, "Checking Multiplier
Phototubes for Nuclear Counting Applications", Engineering Note EE-494,
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By using the values of focua-electrode voltages quoted on the stickers,
it is possible to design and build voltage dividers for the individual tubes
with the focus-electrode voltages correctly proportioned, without the neces-
sity for potentiometers or other means of adjustment.

GENERAI, COMMENTS

Owing to differences in processing, ete., there is, in general, a wide
variation in anode current gains among tubes of the same type measured at a
given supply voltage. For example, at 1900 volts, the current gains of
individual 6810's may range from 10° to 108, Tube "A" with lower gain will
have marked on it a higher value of "Standard gain supply voltage" than
tube B, since it requires more voltage to obtain a given gain, However, the
two tubes may be equally satisfactory in service, tube A simply requiring
higher supply voltages than tube B, In most multiplier phototubes, the
maximum obtainable useful gain is limited by regeneration due to light or ion-
feedback, rather than voltage breakdowns, Thus there is no general reason
why tube A may not have as high a maximum useful gain as tube B, Of the
several known sources of noise (i.e, undesired 1ight) within mltiplier photo-
tubes, some are more prone to appear at higher voltages, and for this reason
the lower gain tube may be at a disadvantage, but this question can be resolved
by comparing the dark currents: if they are about the same, one can expect
about equal numbers of noise pulsses,

#*
Another consideration is time spread in the multiplier and in the cathode
region, In general, the magnitude of time spread is inversely proportional to:

voltage” , where + < n < 1.

Thus, in this respect, the lower gain tube has an advantage: at a given gain,
it should have the lower value of time spread,

The testing facilities, presently located in Building 14, are also avail-
able for rechecking of tubes already in use, Specialized tests, not routinely

performed, may be made either at Building 14 or by the Physics Instrumentation
Research Group, Electronics Engineering,

CK:mt

*See GG 5-8 for definition.
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Anode Dark Current (Code C).

The anode dark current is measured at the voltage at which the
standard pulse gain is obtained., The main component of this dark current
consists of thermionic electirons relessed by the cathode and amplified by
the multiplier, The magnetic shield surrounding the tube is electrically
tied to the cathode potential during this measurement,

Maximum Operating Supply Voltage {Code D).

This is the maximum d¢ supply voltage at which it is recommended
that the tube be operated while using the voltage distribution listed in
Table I, In determining this figure, the supply voltage is gradually
raised until: a) the tube reaches a regenerative condition at which the
dark current rises spontaneously until limited by the voltage divider;
or b) the anode dark current exceeds approximately 0.1 mA, It will
generally be found that if the tube 1s operated at voltages greater than
this value, the performance (i.e., pulse gain, dark current) will be
erratic and unreliable,

With the lower gain specimens of a given tube type, the value of
maximum operating supply voltage determined in the way described above
may exceed the maximum supply voltage as specified by the manufacturer,

Photocathode Juantum Efficiency (Codse E).

The quantum efficiency of the photocathode is determined by measuring
its response to a calibrated light source that emits light of wavelengths
centered about 4200 K, which is near the wavelength of maximum response
of 84, S8, 511, S13 and S20 photocathodes., The frequency spectrum of this
light is determined by ,a blue filter (Corning No, 5113) having its maximum
transmittance at 4200 A, with a bandwidth at half-maximum of 840 K., The
tube is connected as a photodiode in making this test: 200 V is applied
between the cathode and all other electrodes, the latter constituting an
anode, The area of the photocathode exposed to the light source is limited
by a circular aperture of area as specified by the manufacturer as being
the useful cathode area, The photocurrents are of the order of one micro-
ampere, JInterelectrode leskage currents do not affect the results.

The sensitivity of the photocathods in microamps per microwati of
4200 A 1ight may be found by dividing the quantum efficiency (in decimal
form) by 2.95, the energy of 4200 i photons in electiron volts, Thus a
tube of 15% quantum efficiency has a radiantocathode sensitivity of
0.15/2,95 = 0.051 mieroamp/microwatt @ 4200 A,

Optimum Focus-electrode Voltages (Codes F, G, El.

The values of focus-electrode voliages giving maximum anode sensitivity
are determined for certain tube types where these voltages are critical,
or where pronounced variations among tubes of the same type have been found,
These voltages are expressed as ratios., For example, the figures for Gl,
the focus electrode of a 7264 are given as the optimum ratio of vK-Gl’ the
voltage between cathode and Gl, to vK—Dl’ the voltage between
cathode and DI,

In making these determinations, the entire cathode 1s illuminated.
It is sometimes true that other values of these voltages glive better tube
performance where only portions of the cathode are to be used.
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III. CATHODE SHAPES

The various curvatures used in the cathodes of these tubes represent
efforts to minimize cathode transit-time difference, see Section IV,

INCIDENT LIGHT
Y VY VY

Dashed line
shows approx-
imate limits of
semi-transparent

| Focusing
Electrode

cathode area,. ~Square hole, —_ —
&%~ Dymode 1
FLAT CATHODE-Shape B Ground" partially curved
Used on: (7187 cathode-Shape C
6810-before 1/57 Used on: 6810 after 1/57
C7232 (72324 before ~6/57

"Molded" partially curved cathode-Shape D Fully curved cathode-~Shape G
Used on: (7187C, 68104, Used on: (7251

C7232A after~ 6/51, 7265 7264

Fig, 1 - Cross~sectional views showing the various cathode shapes,

IV, GCATHODE TRANSIT-TIME DIFFERENCE

In Fig, 2, curves of cathode transit-time difference (CTTD) are
shown for typical samples of each of the cahode shapes illustrated in
Fig. 1. These curves of CTTD are typical., Variations may be expected
among tubes of the same type, particularly among tubes of the (7251,
fully curved cathode type. Fig. 2c is a typical curve for the C7251
type. Fig., 2d shows the extremes in CITD characteristics that have been
observed in C7251 tubes, The curves were all measured with cathode-
dynode 1 voltages of 250-300 volts, Estimates of the characteristic
for other voltages can be made using the relation that the magnitude of
CTTD varies inversely as the square root of the voltage,

In general, CITD curves recorded for tube diameters perpendicular to
the long dimension of the dynodes are different from curves for parallel
diameters. The CTTD curves for most of these tubes have a hook near the
base-pin 4 edge of the cathode; the photoelectron collection efficiency
is usually relatively poor in this same region. The measured CITD includes
the effect of differences in transit-time from dynode 1 to dynode 2, In
general, photoelectrons from different parts of the cathode are focused
onto different parts of dynode 1,
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Fig, 2 - CTTD curves for the various cathode shapes,
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Time after first photoelectron reaches Dynode 1,
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Fig, 4

Response to mercury light-pulser of tubes
having the cathode shapes indicated,
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CATHODE TRANSIT TIME DIFFERENCE (Continued)

The curves in Fig. 3 show the response of the cathode-dynode 1 systems
of the 68l0-class phototubes to an impulse (delta function) of light, These
curves are derived from the CITD curves of Fig, 2 using the assumptions that
the cathode sensitivities and photoelectron collection efficiencies are
uniform over the cathodes. If the input pulses were reduced in amplitude to
the point where single photoelectrons were emitted from the cathode, the
curves of Fig. 3 indicate the "time jitter" that may be expected in the delay
between the light pulse and the anode output pulse.

The shapes of the anode pulses are modified from those of Fig. 3 by the
miltiplier transit-time spread, Fig. 4 shows anode pulses {rom tubes having
these cathode shapes and illuminated by light pulses from a mercury-capsule
light pulser, The light pulses rise and fall to 20% amplitude in about 1.5
nanosec, followed by a gradual decay, and thus roughly approximate an impulse
compared to the response time of the tubes., Recent work with the mercury
capsule light pulser has shown that light flashes as narrow as 300 picosec,
can be realized by using low voltage on the mercury capsule.1

FOCUSING ELECTRODE

The focusing electrode (Gl) and cathode (including the aluminized coat-
ing) form an electrostatic lens whose purpose is to focus photoelectrons onto
dynode 1. The cross-sectional drawings of Fig. 1 show the physical relation
of these parts. The potential of the focusing electrode affects not only the
focusing of photoelectrons from the cathode onto dynode 1, but also the
focusing of secondary electrons from dynode 1 onto dynode 2., The optimum
operating voltage for the focusing electrode therefore depends upon both the
voltage between cathode and dynode 1 (Vk-p1) and between dynode 1 and dynode 2
(an—nz)- All figures quoted herein are based upon a voltage distribution of
Vk.plL = 2 X Vpl-pp, see Section VII.

The variation of anode sensitivity with the ratio of Vg_pg/Vk-p1 is shown
in Fig. 4A, for two typical tubes. These curves are for the entire cathode
illuminated., The value of this ratio giving the maximum anode sensitivity is
called the optimum ratio, and varies from tube to tube. The statistical dis-
tribution of the optimum ratios for a sample of 200 tubes is shown in Fig, 4B,
The optimums range from 0.7 to 0.9.<¢ Most tubes give > 80% of the maximum
anode sensitivity when operated at VK—FE/VK—DI of 0.8, but to obtain best per-
formance from the tubes it is necessary to adjust the voltage dividers indi-
dividually., Values of optimum ratic are marked on the tube base’? or are avail-
able from the Physies Technical Support Group.

Type (7251 has an edditional electrode, the '"focus ring", mounted above
the focus electrode, Fig. 1. In all but some of the earliest serial numbered
tubes (made before 12/57) received to date, the focus ring is internally tied
to the cathode,

Magnetic fields as low as one gauss may affect the optimum operating
voltage for the focusing electrode; therefore all such determinations should
e carried out after degaussing and with a magnetic shield in place.

M. Birk, 4. A. Kerns, & R, F. Tusting, "Evaluation of the C-70045H High Speed
Photomultiplier", UCRL-11147 (Feb, 19, 1964.)

Note disagreement with RCA data sheets,
Refer to CC 8=-3A.
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CATHODE SENSITIVITIES

Fig, 5 shows the distribution of cathode quantum efficiencies measured
by Physies Technical Support Group on tubes received at UCRL in the year
ending 12/63, The quantum efficiency is measured with radiation centered
about 4200 Angstroms, It is the ratio of the number of photoelectrons emitted
to the number of photons incident on the cathode. Cathode sensitivity and
quantum efficiency are related by: Cathode sensitivity (uh/uWatt) x photon
energy (electron volts) x 100 = quantum efficiency (per ecent). FPhotons of
4200 Angstrom wavelength have an energy of 2,95 e,v,

VOLTAGE DIVIDERS

Voltage ratios and typical resistor walues for three voltage dividers
are given in Table I. Of the three dividers, X1 gives the highest current
gain for a given tube voltage, L6 the lowest. Divider X6 gives the highest
saturated output current, X1 the lowest. (See Section VIII, X.)

Aside from the cathode-dynode 1 voltage: in divider X1, all interdynode
voltages are equal; in X2, higher voltages are applied to the last few stages,
with the highest being twice (X2) the dynode 1 - dynode 2 voltage; in X6, the
highest interdynode voltage is six times (X6) the dynode 1 - dynode 2 voltage,
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TABLE T
Voltage diY%?er ratios'for use wit? 6810-class Fubes. Except for focus
electrodes;<’/these ratios are as given in RCA literature.
BETWEEN ELECTRODES ( {)Apply » DIVIDER %1 DIVIDER X2 DIVIDER X6
£7232 68104,C7187 | Base 6810-6.25% of | 6810-5.4% of 6810-2,75% of
7264,C7251 | Pins supply voltage| supply voltage | supply voltage
CL1090 mult, by: mult, by: mult, by:
£7232-5.55% of| C7232-4.88% of | G7232-2.6% of
supply voltage| supply voltage | supply voltage
mlt, by: mult, by: mult, by:
(Typical 1 (Typical 1 (Typical 4
Resistor) Resistor) Resistor)
k -k ;@ to0 1) 2@ a00x) | 2@ (3000)  |2® (1508)
DL -D2 - 1-18(4) 1 1 (250K) 1 (150K) 1 { 75K)
D2 -D3 - 18-2(4) { 1 " 1 1 "
D3 -D4 D1 -D2 2-17 1 t 1 1 L
D4 -D5 D2 -D3 17-3 1 n 1 1 "
D5 -D6 | D3 -D4 3-16 1 " 1 1 I
D6 -D7 D4 -D5 16-4 1 m 1 1 "
D7 ~-D8 | D5 -D6 4=15 1 L 1 1 "
D8 -D9 | D6 -7 15-5 1 L 1 1.2 ( 91K)
DS -D10 | D7 -D8 5-14 1 L 1 1.5 (120K)
D10-p11 | D8 -D9 14-6 1 " 1 1.9 (150K)
D11-pl2 | D9 -D10 6-13 1 i 1 2.4 (180K)
D12-D13 | D10-D11 13-7 1 " 1 3.0 (240K)
D13-D14 | D11-D12 7-12 1 " 1.25 (180K) 3.8 (300K}
D14-D15 | D12-D13 12-8 1 n 1.50 (220K) 4.8 (360K)
D15-D16 | D13-Dl4 8-11 1 L 1.75 (R70K) 6.0 (470K)
p16-4(3) | p14-a(3) | 11-9 1 " 2.0 (300K) 48  (360K)
TOTAL 6810 16 (2,40 Meg.) |18.5 (2.77 Meg.)36.4 (2.80 Meg.)
c7232 18 (2.70 Meg.) |20.5 (3,07 Meg.)| 38.4 (2.95 Meg.)

(1) Typical resistor values match voltage ratios as closely as

resistor values permit,

divider current at usual operating voltages,

(2)

see Section V,

(3)

no accelerating electrogde,

(4)

C7232 only.
K and Gl connections are made on external rings.

To use a

with a 6810, place a short between socket pins 1 and 2,

manufactured

Total resistance chosen to give about 1 mA
Focus electrode {Gl) potential to be between that of cathode and dynode 1
Accelerating electrode (G2) normally connected to dynode 14. CL1090's have

Resistors may be connected to base pins indicated, but actual

C7232 divider
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Anode current gain and sensitivity of a typical 14 stage 6810-class tube.
This tube has a "standard sensitivity"of 1.6 a/uW at 1860 volts and would there-
fore have "1860" marked on the tag attached to it by Physics Technical Support

Group, see CC 8-3)
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VIII, ANODE CURRENT GAIN AND SENSITIVITY

In Fig. 6 are curves of anode sensitivity and current gain for a typical
l4-stage tube of the 6810 class., For a given divider, the maximum cperating
voltage of such a tube is usually determined by light feedback; thus, as
shown, the maximum gains obtained with the three dividers are about the same.
This maximum gain varies less than an order of magnitude from tube to tube,

The voltage at which the sensitivity of 1,6 amps/ywatt @ 4200 % (2000
amps/lumen or gain of ~ 3 x 107) is obtained with an X2 divider is marked on
the tube base by Physics Technical Support Group (see CC 8-3 for code). The
statistical distribution of such voltages on recent 6810A tubes is shown in
Fig, 7. Near this voltage, the gain and anode sensitivity change about an
order of magnitude per 300 volts,

When space-charge saturation effects, see Section IX, are absent, the
dynode-14 gain (dynode 16 in C7232) is the anode gain times (S-1)/S, where S
is the secondary emission ratio of dynode-1l4. S depends on the voltage and
is typically of the order of 3,5 at a sensitivity of 1.6 a/uW.

For several reasons, the "local" anode sensitivity measured by illuminating
small parts of the cathode i1s a function of the area illuminated, Typically,
these, local variations amount to # 20% of the mean sensitivity, except that
the cathode area opposite base pin 4 usually has much lower sensitivity than
the mean, This latier effect is apparently associated with the portion of
dynode-1 at which photoelectrons from this area strike,

Fig. 8 gives gain and sensitivity curves for a (72324, The maximum
usable gains have been found to range from 4 x 109 to 5 x 1010 in & sample

of 5 tubes.
o'l . T .
Toay 4
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WITH SINGLE PHOTOELECTRONS 4
109} -
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=
X 6L C7232 _
3 10

1094 -

o | 1 1
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VOLTS- ANODE - CATHODE

Fig., 8 - Gain-voltage curves of (7232,
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IX, TRANSIT-TIME
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Fig. 9 - Transit-time vs. voltage for l4-stage tubes.

The transit-time plotted above is the measured time interval between an
impulse of light striking the photocathode and the 50% of meximum-amplitude
point on the rise of the corresponding output pulse, For a given divider,
transit-time varies inversely as the square-root of anode~cathode voltage,

A single set of curves 1s given as being idicative of the transit-time
characteristics of the l4-stage types. A sample of 10 - 68l0A tubes mea-
sured with an X2 divider at 2000 velts fell within the range indicated.

For these measurements, the focus electrode (Gl) voltage ratio

VK—FE/vK—Dl wasg 0,75, and the accelerating electrode (G2) was connected to DL4.
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X,  SATURATED OUTPUT CURRENT
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Fig, 10 - Saturated output current vs, voltage for l4-stage tubes.

The maximum anode current that can flow during a pulse is limited by space-
charge saturation of some pair of electrodes. The maximum allowable dec anode
current is fixed by dissipation limitations to two milliamperes, whereas in
normal operation, saturation occurs at currents above 50 mA. Therefore, space-
charge saturation occurs only during the current pulses, being manifested as a
flattening of the peaks of the pulses as well as increased width and decay time
not present in the light flash., This effect is sometimes advantageously used

for amplitude limiting.

Saturation normslly cccurs in the latter stages of the multiplier where
currents are the highest. Voltage dividers X2 and X6, see Section VII, are
proportioned to place higher voltages on the latter stages.

The current at which saturation takes place depends on the geometry of the
electrodes in question and is proportional to the three-halves power of the
voltage between them, With the dividers listed, saturation occurs first in a
stage shead of dynode 14, Therefore the saturated output current does not vary
as the three-halves power of the anode-cathode voltage since the saturation is
followed by one or more stages having voltage dependent gain,
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One may choose to define saturation as occurring at the current for
which there is an appreciable widening in the output pulse. This method
is described in EE-795 and is there defined as the current at which there
is a 25% increase in pulse width at the half-height.

Note: Some tubes have an altered Dl4-anode configuration which
saturates at a lower value of current as indicated by the dashed curve for
the X2 divider above. This new configuration has been built into some tubes
made after April, 1958, bearing serial numbers starting with 4.8.XXXX, These
tubes may be identified by a vacant hole in the side support insulator at
the old anode position.

MAXIMUM OPERATING VOLTAGE

The maximum operating voltage is the maximum voltage that may be
applied to a tube without causing harmful effects either to the tube or to
the operation of the following circuits. As the voltage is increased, the
anode dark current (amplified cathode dark current) likewise increases; in
tubes where regenerative effects are present, at some voltage the dark
current will suddenly increase to the limit determined by the divider, 1If
the divider allows the anode current to exceed one milliampere, excessive
power dissipation within the tube may degrade certain of its properties.
Even if the divider limits the current to a lower value, the interelectrode
currents flowing in the divider cause a redistribution of voltages which
usually lowers the tube gain and the saturated output current,

Experimental evidence indicates that, in most 6810's light feedback*
within the tube determines the maximum gain that may be attained. Refer
to Fig. 6 where it is seen that the maximum gain available from the parti-
cular tube shown is very nearly the same regardless of the divider used,
Thus, low-gain tubes will, in general, have higher maximum operating
voltages than high-gain tubes,

The use of reflecting materials (aluminum foil, etc) next to the glass
envelope of the tube may enhance the light feedback, lowering the maximum
attainable gain and tending to increase the noise. Electrostatic shielding
should be constructed in a way that does not provide a path for light to
be transmitted from the anode to the cathode,

The maximum operating voltage is measured for each tube and is marked
on the round sticker on the tube base by Counting Maintenance, see CC 8-3,

*Approximately 50 nanoseconds (one transit-time) after a light pulse strikes
the cathode, a pulse of electrons reaches the last few dynodes, Light is
produced by these inter-dynode electrons, Some of the light leaks back to
the cathode resulting in afterpulses at multiples of one transit-time after
the original pulse. When the gain is increased to the point that the

first such afterpulse is greater than the original pulse, a regenerative
condition is reached.
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Magnetization

Certain parts of the tubes (e.g. the focus electrode and the
sealing ring at the base end) may become permanently magnetized
upon exposure to a strong enough magnetic field. Tubes known to
have been exposed to a 100 gauss field in the Bevatron building
have been found to give 1/10 their normel gain at a given voltage,
The minimum field required tc cause magnetization has not been
measured. Normal operation is recovered upon being demagnetized;
no permanent after effects have been noted.

It is recommended that tubes be mounted in their magnetic
shields before being carried into locations where magnetic fields
greater than the order of ten gauss are to be encountered.

Sources of Excess Noise Within the Tube (ef. Section XI - light
feedback),

A common scurce of ftube failure has been found toc be the
"glowing filament". It consists of a small whisker or filament of
semi~conducting material which may become lodged between two
electrodes, thereby shorting the associated voltage divider resistors.
The whiskers usually glow visibly at currents of the magnitude flowing
in voltage dividers. The symptoms of a tube with a glowing filament,
therefore, are: reduced gain, owing to the shorted electrodes; a
higher cathode dark current, owing to the light produced by the fila-
ment.,

Methods of evaporating the filament and returning the tube to
its normal condition are covered in Engineering Note EE-521, or
refer to Physics Instrumentation Research Group, Bldg. 80, Room 13,

Discharges may occur between various electrodes in certain tubes
because of sharp points, rough surfaces, ete, When present, such
discharges often increase the dark current (noise) by several times,
In cases where these sources can be located (e.g. visually), they
may of ten be burned off by establishing the glow with a current of a
few pA, then discharging a suitable pulse of electrical energy ~ 5
millijoules through the discharge.

The excess noise which is produced by effects other than cathode
thermionic emission often is not materislly reduced by lowering the
temperature of the tube.
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COUNTING NOTE

PARTICLE DETECTION BY SCINTILLATION COUNTERS

ABSTRACT: This note is concerned with the components most commonly used in scintillation
counters at the Lawrence Radiation Laboratory, Berkeley. Only two phototubes, the

RCA 6810-A and RCA 7046 and one scintillator, UCRL polystyrene-terphenyl plastic, are
considered in detail. Table I lists references to other components and data from other
sources. The designation A refers to information found in this counting note.

Section I. Introduction

TABLE I. References to Photomultipliers, Scintillators and Light Pipes

Photomultipliers Quantum Collection DC Pulse Electrical
Efficiency Efficiency Gain Gain Characteristics

Counting Note

RCA 6810-A Ref 1 A* Ref 2 A CC8-2B

RCA T046 " A " A "

RCA T746 " - " - "

RCA 7850 " - : " - "

DuMont 6292 " A " - "

DuMont 6364 " A " - "

CBS 7819 " A " - "

Radio Technique 58AVP " A " - "

Radio Technique 56AVP " - " - "
Scintillation Emission Light

Scintillators Efficiency Spectrum Transmission Other

UCRL Plastic A, Ref 3 A A Ref 3

Pilot B Plastic - A Ref 4 -

Ne 102 Plastic .62 X Anthracene 4300 % - -

Ne 213 Liquid .78 X Anthracene 4300 % - -

Nal (T1) Ref 3 Ref @ - Ref 3

Anthracene Ref 3 Ref 5 - Ref 3

Stilbene Ref 3 Ref 5 - Ref 3

Noble gases Ref 6 - — Ref 6

Light Pipe Light Transmission Scintillation Efficiency

Lucite A, Ref 7 Ref 8

Alzak A -

* Refers to subjects discussed in this note.

The quantum efficiency of the total cathode area of individual tubes is
measured by the Counting Research group, as described in Section CC8-3 (3).

The DC gain of individual tubes is set at a standard value by the Counting
Research group, as described in Section CCB8-3.

3R.K. Swank, Annual Rev Nuc Science, 4, p 111. (1954)

4p 1. Potter, Rev Scientific Instr 32, 286 (1961).
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The following general relation may be used to arrive at an estimate of
the signal magnitude to be expecled from a given event. It should be noted
in applying this relation that there are at present, 20% uncertainties in
some of the measured quantities which place a limit on the precision of the
result. It is for this reason that the approximations used below are admissable

let

- -
N (e ,m) f//Exdr © e o d\ Ale,mA) - BOD » C(F) » DEN) ¢ E(x) - F

average number of electrons at anode per incoming particle of energy
€ and mass m,

H

Where

A = number of photons detectable by the phototube/MeV lost/unit wave-
length (for scintillator in use).

B = fraction of photons striking cathode (for scintillator and light
pipe in use). N

£ = quantum efficlency at position r and wavelength % (for tube in use)
or number of electrons leaving per photon striking cathode,

D = collection efficiency at position f and wavelength A from cathode
to dynode 1 (for tube in use).

E = collection efficiency from dynode 1 to anode as a function of dynode
positions x (for tube in use),

F = pulse gain of tube used = gain of the tube for those pulses which
yield a detectable anode pulse.

anode current
cathode current

Notes D+ E  F =G =dc gain =

or

§ - DE = probability of successfully obtaining an ancde pulse per

photoelectron,

1, Let A(e,mn) T A'(e,m) = A"(%). See Ref, 10 for evidence that the
emission spectrum is independent of the type of exciting particle.
4'(g,m) = number of photons/MeV lost (at all wavelengths detected by
the photomultiplier).

1/A'(e,m ) = 100 + 20 ev/photon for all ¢ in plastic scintillator,

or A'(g,g ) = (1 +0.2) x 104 photons/MeV. See Ref., 3 for anthracene,
Nal, etc. ev/photon. See Ref. 6 for plastic scintillator to anthracene
ratio. For m # m see Ref. 11, or Section II.

5F. D. Brooks, Proz_in Nuclear Phys, 5, p. 252 (1956).

Methods of Experimental Phys, p. 127 (Academic Press), (1961).

7P. R. Bell and C.C. Harris, IRE NS-3, Transactions on Nuclear Science 4,
p. 87 (1956},

R. Madey and L. Leipuner, Nucleonics 14, p. 51 (April 1956).

1Ow. J. Van Sciver, Nucleonies 14, p. 50 (April 1956).
W. L. Buck and R, K. Swank, Nucleonics 11, p 48 (Nov, 1953), W.S. Koski

and C, 0. Thomas, Phys Rev 79, p., <217.

115 M, Fowler, C. E. Roos, Phys Rev 98, p. 996 (1955), C. J. Taylor,

W. K. Jentschke, M, E. Remley, F. S. Eby, and P, G, _Kruger, Phys Rev 8
p. 103 (1951), M. Gettner and W. Selove, Rev, Sci. Instr, 31 {50\(1966),

=
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A"(\) = fraction of photons at A per unit wavelength. See Section III, (Also
the net output curve of Ref. 1Z can be dJivided by 1P21 phototube

response to get scintillator output spectrum, This applies to Livermore
scintillator only,.) See Ref, 5 for other scintillators.

2, B(\) See Section IV and Ref. 7, For calculations of the fraction of
light produced in a scintillator which strikes a photo-cathode see Ref, 14 .

3. C(2n_£err, 4400 1) for R = R___ is given with each tube at Lawrence
Radidtfion laboratory. For othet >, the information jg in the tubg data
sheet and Section V. Q. A. Kerns has measured C(2 rdr, 4400 % ) for
a few tubes of several types for various R < Rmax (unpublished).

yid 9
4. D(2n_£ rdr, 4400 A) for most tube typEBEiitcogtgined in Ref. 13 in
anothér form, What is really ghown is ooR (Du Mont 6292) as a function

of subtended area and at 4400 A, See Section VI for IE curves for
several tube types. The authors of Ref, 13 state that C is constant
enough in radius that the average C given may be used for all radii.

They used a small central cathode area of a Du Mont 6292 as the closest
thing to 100% photoelectron collection efficiency available, However,
for this tube, D is probably less than 95% from statistics alone and
could be even less. D could vary somewhat with A -- how much is unknown.

5. E(x). See 4 above, B (x) for the Du Mont 6292 may again be considerably
less than 100%. We therefore have an upper limit on the absolute value
of D« E (type i) from UCRL-9980.

Note: Q. Kerns estimates that D . E is greater than 0.80 for the central
region of the Du Mont 6292 used as a standard.

6. See Section VII for a technique used to experimentally determine the number
of detected photoslectrons,

12, hgnew, Transmission Properties ol Lucite Samples in the Photo-Multiplier

ide

Zesponse Region, Lawrence Radiation Laboratory Report, UCID 889,

ljﬁ. #. Tusting, Q. A. Kerns, H, K. Knudsen, Photomultiplier 3ingle-Electron
statistics, Lawrence Radiation Laboratory Report, UCRL-9980,

1
AU‘ 3rini, L. Peli, O. Rimondi, and T, Veronesi, Nuovo Cimento, II,
Series £, N. 4, Supp., P 1048, (1955)
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IFigure 1. Pulse lleight versus energy
(From Fowler and Roos).
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Section 1I11. Scintillator Spectral Response
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Figure 2. LRL Plastic Scintillator Response (From Ervin Woodward, LRL,
Livermore). Scintillator Composition: Polystyrene (solvent) approximately
97.5%, p-terphenyl (activator) 2.5%, tetraphenylbutadiene {shifter) 0.03%,
and zinc stearate {releasing agent) 0.01% ~ all proportions by weight,

See Ref. 15. Je Im PR e N
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Figure 3. Pilot Secintillator B Characteristics. Pulse Height: 90% of stilbene.
Decay time: 2 x 109 sec. Color: Clear, exhibits a blue daylight fluor-
escence. Light Transmission: At peak fluorescence wavelength, transmission
through a 1 foot length is 90%. Specific Gravity: 1.02. Composition: 100%
hydrocarbon. Atomic Ratio: @=1,10. Softening Temperature: 70-75°C.
Refractive Index: 1.58. Solubility: Insoluble in water and lower alcohols,
soluble in numerous sromatic soclvents. Information from Scintillation Grade
Fluors, Pilot Plastic Scintillators, Pilot Chemicals, Inc., 36 Pleasant Street,

Watertown, Massachusetts.
Section IV. Light Pipes

1. The transmission of various light pipes was measured within s dark box
using a UCRL Mercury pulser light source. The data obtained are ghown.

15L. F. Wouters, the UCRL Plastic Fluor, University of California, Lawrence
Radiation Laboratory Report UCRL-U516, September 16, 1955.
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Figure 4. Relative Transmission Characteristics of Several Light Pipes

1 5/16 inch diameter lucite - clear stock, X 102 + 15 inches.

1/2 inch diameter lucite - clear stock, A 5% inches.
1 1/2 inch diameter plastic scintillator, A 29 inches.

- 1/2 1ineh diameter lucite - yellow stock, A = 28 inches.

1 5/16 inch diameter Alzak - specular finish.

t
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The light from the Hg pulser was passed through a 4200 * R filter

and into a white box with an entrance and exit hole. The exit hole was
shielded from the entrance hole by a reflecting baffle. The isotropy of

the emerging light was checked by measuring the ratio of phototube PH

(pulse height) with & 3 inch long by 1 1/2 inch diameter lucite light

pipe out and in position. For isotropic light leaving the exit hole,

the ratio is cslculated to be approximately .04k, The measured ratio was
.08, The nonisotropy indicated by this measurement should have a negligible
effect upon the measured attenuation coefficient for the light pipes.

The data obtained from the 1.3 inch diameter Alzak light pipe may be fitted
with an equation of the form I(L/d) I(O) (R)kL/d where R is the average
reflectivity of the Alzak and kL/4 15 the average number of reflections in
length L for diameter d. Now (R (111 R)L/d and from the data we
obtain k In R = -.18 for 13 3 L/d 3 2. 3 It is not known whether the light
starting down this light plpe was isotropic light throughout 2 7 steridians
or not, so that the curve shown probably represents an upper limit to the
fraction of isotropic light which would be transmitted.

Curve A of Fig. 4 shows the transmission of blue light through a very clear
sample of luc1t? rog The data may be fitted with an equation of the form
(L) = 1(0) * The absorption length of 102 inches may be compared
with a direct measurement of the same quantity by Duane Norgen of Lawrence
Radiation Laboratory, Berkeley. He obtained A = 133 inches using an
unfiltered incandescent light source. The difference may be explained by
the longer path length in the former case due to multiple reflections, plus
any losses due to imperfect polishing of the rod surface. Curve B shows
the effect of differences in diameter upon the transmission.
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On the assumption that the true absorption coefficient is the same for

curves A and B,

as due to imperfect internal reflectivity.

then the greater losses for curbe B may be explained
Curve D was obtained from

a very vyellow sample of lucite and shows the possible variation from

sample to sample.

4. The following auxiliary data were obtained (Ref.

TABLE II.

)

Light Pipe Transmission Characteristics

A, Pulse Height

Condition

1.05
1.00
.95
. 889
.74
.50

15 inch long light pipe optically sealed to phototube.

light
light
light
light
light

pipe
pipe
pipe
pipe
pipe

touching tube,

separated from tube
separated from tube
separated from tube
separated from tube

by 1/4 inch.
by 1/2 ineh.
by 1 inch.

by 1 3/4 inch,

Pulse Height

light pipe length

bare light pipe

tightly wrapped specular
Al foil around pipe

light pipe wrapped in

black tape

1 inch 15 inch
1.00 .90
1.00 .75
1.00 .20

30 inch
.70
.70

.08

C. The reflectivity of various surfaces of evaporated and chemically

deposited metals was measured at 5°
unfiltered incandescent light source
barrier-layer photocell Mocdel 594 as detector.

incident angle using an
and a Weston Phototronic

Reflector Coating *Surface Preparation Reflectivity
Silver none Evaporated 1.00 (by definition)
Silver 510 Evaporated . 985
Silver Lacquer Evaporated . 980
Silver Glass Evaporated . 993
Aluminum none Evaporated . 895
Aluminum Si0 Evaporated . 895
Aluminum Lacquer Evaporated . 840
Aluminum Glass Evaporated . 862
Silver Glass Chemically

deposited .92
Aluminum Al zak Polighed .13

(specular)

16 R.L. Brown, LRL Berkeley,

private communication.
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Figure 5. Spectral Sensjitivity of Photronic Cells

Section V. Spectral Sensitivity Characteristics

Figures 6 and 7 give the spectral semsitivity characteristics for the types
6810-A and TO46 phototubes respectively. For other types see Counting Note CCB-2.
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Figure 6. Spectral Sensitivity Chaeracteristic

Figure 7. Tentative Spectral
Type 6810-A which has S-11 Response. Curve is Sensitivity Characteristic of
shown for Egual Values of Radiant Power at Type TOL6. Curve is shown for
All Wavelengths. Equal Values of Radiant Flux
at All Wavelengths.
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Collection Efficiencies

i TSR R L LR e

Section VI.

et al, show in Ref, 13 the collection efficiencies for
several phototubes (see Figs. 8 and 9). Successive areas of the photo-
cathode were exposed to pulse illumination, The counting rate is
proportional to the product of the quantum efficiency, illuminated area,
and overall collection efficiency; by knowing the guantum efficlency
one can determine the relative collection efficiency; noise pulses
have been subtracted.

Tusting,

ARCA 6655-A
z ® RCA €810- A
e 20 o RCA IP21 -
® 0O DuMont 6292 reference
n * EMI 6262 A
a I5F ®(QE#19%)
®(QE=19%)
o (QE=19%)
B S00E:=15%) |
< 10 AloE=14%)
AQE=17%}
@ * (QE =14%)
= S * (QE= 9%) 7
B
@
=
0 | {
0 1 2 3

Cathode areo {irff)

MU-23908

Figure 8, Relative single~electron pulse counting

rate ve illuminated cathode area for 2 inch

photomultipliers. An aperture is located between

the photocathode and the low-intensity light

pulser to adjust the illuminated cathode area, (Tusting, Kerns,
and Knudsen)

0

B8O

pulse rate

501

40+

oEMI 9530-B

#cos 7eI9

% Dv Mont 6364

& Radio technigue 58 ayP
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anode

Relative
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Figure 9. Relative single-electron pulse counting

rate ves illuminated cathode area for 5 inch photo=-

multipliers, An aperture is located between the

photocathode and the low-intensity light pulser to

adjust the illuminated cathode area, (Tusting, Kerns and Knudsen)
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Section VII. Measurement of Number of Collected Photoelectrong

1,

3.

Derivation of expression

Let NP =N_.C.D+E.F = number of electrons in anode pulse,
and Pulse Height (PH) = k(Np) . Np =k » NY + C+D¢+ E.F, where
NY is the number of photons striking the photocathode per pulse,

k = arbitrary constant,

For single electron pulses: Npl = Fl 50 PH1 = k1F1°

For multiple electron pulses: NC D E = Ne = number of electrons per
pulse before multiplication.

S0 PHm =N__k F , where the subscript m refers to multiple electron

em m m
pulses.
PH k F
— . 1 S
Therefore, Nem = “Fg ” 7
1 m m

RCA 7046 PM with X1 divider
? L)
At LRL, Dm Em Fm = Ds ES FS for all 7046sat the standard gain HV
setting. If we approximate D_ E by Dm E = D Eg (to + 10%)
then Fm = Fs = Fly where the subscript s refers to a standard tube

used at LRL, and
FH k
m

- . —1 -
Nem = X where PHl = .17V, so
1 X m
— B ;
on = 508 PH_ K (PH_ in volts).

Notes DS Es FS = 3.0 » 107 for 7046's at LRL at the standard HV
setting,

RCA 6810-A PM with X2 divider

At IRL, C D E F =C, D E_ F_ for all 6810's at the standard

HV setting. If we assume that DE is a constant for all 6810-A's

(to + 10%) then Cm Fm = Cs FSo For the tube used for the measurement
of F. we let D, E. F. = Ds ES FS S0 Fl = Fs and therefore,

1 17171
C, Fp, = G, Fy or Fl/Fm = Cm/CS where G, = 0.19 for the standard
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tube, so
em PH1 km s
Now PH, = 0,076 V, so

1

5
Nep = 69 (PHm) 2 (cm) ° k. © (PH_ inV
¢, in decimals)
Meagurement of Pulse Height (PH).

Using the proper phototube divider, the anode signal (not beck
terminatedg was fed through a short length of RG 63/U 125 Q cable into
a Tektronix B 170-A, 170 @ scope attenuator in parallel with 470 Q to
ground, In both cases the phototube HV was set such that the quantity
D+ E+F (dec gain) was equal to 3.0 x 107, The Tektronix 517 A scope
was calibrated on the 0,5 V (10 Q) scale at 1/5 full scale using the
170 Q signal cable directly from calibration output to signal input,
The sensitivity with no attenuation wes then 0,10 V/em, Any further
attenuation should be obtained from the 170 Q attenuator box. The scope
trigger wes obtained from the Hg pulser 1light source used to obtain the
single photoelectrons, The light repetition rate was 60 per second and
the intensity was attenuated until only approximately 6 pulses per
second were detected, In this condition only 1/20 of the pulses were
due to 2 or more photoelectrons, The values given for PH, in section

2 and 3 have been corrected for multiple electron pulses. The factor
of 2 difference from 6810 4 to 7046 PH; is a reflection of the lower
collection efficiency of the 7046. The assumption is made in this
measuring technique that there is no contribution to many electron
pulse heights from very small but numerous pulses which would have been
invisible in the abgve method.

Measurement of kl/km°

A rough determination of kl/km was made under the assumption that the
charge contained in an anode pulse is proportional to the product of
PH and full width at half maximum, The values for the RCA 6810 A are:

PH number of e kl/km
076V 1 1.00
2,82 V 37 1.46

and for the RCA 7046

PH number of e kl/km

A73 V 1 1.00
3.6 V AR 1,27
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COUNTING NOTE December 29, 1958
F. Kirsten
ELECTRICAL GATING OF MULTIPLIER PHOTQTUEES

I. Introduction:

Several useful methods of gating multiplier phototubes are available. This
note is primarily concerned with gating by means of controlling the voltages on the
phototube electrodes. Several advantages of this method make it attractive for
meny applications: A

(1) A relatively high speed - most tubes may be turned on or off in a few nano-
seconds with appropriate circuitry. This permits using the phototubes as coincidence
detectors in some applications.

(2) Very small ratios of off-to-on gain can be achieyed. For example, control-
1ling three dynodes in a 6810 gives & gain ratio of < 10'5, and much smaller ratios
are eagily avallable.

(3) Light-or ion-feedback afterpulsing induced by large unwanted light pulses
mey be eliminated. This 1s especially useful where one desires to detect a small
light signal following & much larger light signal. Under some conditions, after-
pulsing following the large signal might obscure the small one, unless the larger
were gated out. Note that gates following the phototube will not remove the after-

pulsing.
II. High-Voltage Supply Control

The method of gating by turning the supply voltage on and off has been used¥* and
1s quite useful in some ceses. It has, however, several disadvantages: (&) Where
capacitors of unequal value are used across voltage-divider resistors, the quiescent
voltage distribution is not achieved until all capacitors have charged. In general,
the gain of the tube will not be constant during the charging time. (b) Excess noise
(i.e. light) 1s generated when charging currents are required to flow on insulating
surfaces such as the glass envelope. This excess noilse dles down with a time con-
stant characteristic of the particular tube after the volteges have been changed.

This method &ls¢c has an advantageous feature, in common with the method in Sec.
III below. Owing to light feedback and other regenerative process, in most tubes
there is found, as the supply voltage is raised, & maximum usable gain, above which
the anode dark-current increases spontanecusly until limited by the voltage divider.
The time required for regemeration to build up amounts to at least one transit time
in the case of light feedback,** or much longer in the case of ion feedback. Thus,
if the tube is gated on for the order of one trangit time, a higher gain may be
achieved during the on-time than if the tube is on continuously.

# Post and Shiren, Phys. Rev. 78, 81, April 1950.
#% The intensity of light emitted when a step of multiplier current occurs appears
to build up with a time constant of alout one microgecond.
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ITI.  Gating With Individual Electrodes

A. General

The gain of a multiplier phototube may be controlled not only by means of the
overall anode-cathode vcltage, but also by varying the voltage of one or more of
its electrodes. In effect, then, the controlled electrode performs in a manner sim-
ilar to that of the control grid in a thermionic vacuum tube; and mey be used to gate
the phototube on or off, or to vary the gain of the tube as desired. The time re-
quired to go from the gated orn to gated off conditlon, or vice-versa, depende on the
speed at which the voltage of the controlled electrode can be changed. This speed
is usually limited by the low-pass filter formed by the lead inductances in series
with the interelectrode capacities.

A typical example of a gating scheme is shown in Fig. 1, where part of the
voltage divider of a tube is showr. Dynode 2 {Dp) has been discomnected from its
normal pctential, which is that at the Junction of R3 and R4, and instead connected
through Ra to D1. A positive pulse of amplitude D applied through capacitor C re~
places D2 to its normal potential and the tube is gated on"” for the duration of the
pulse. Alternatively,; if D2 had been connected through Ra to D3 instead; a nega-
tive pulse would gate the tube on. Or, if Ra were connected to the Junction of R3
and Rk, either a positive or negative pulse would gate the tube off. '

The term gain ratio, as used herein, is defined by the equation:

GR{AVg) = gain with controlled electrode displaced by A Vi,
normel gain of tube { A Vg=0) -

where
GR = gain ratio

AVg = voltage by which the controlled electrode is displaced from its normal
voltage, expressed as a fraction of the appropriate interelectrode vol-

tage.

When the galn ratios are expressed in this way, they are;, to first order, in-
dependent of the anode-cathode voltsge. '

B. Characteristics of the Electrodes
l. a. nodes,

Changing the voltage on a dynode may affect the gain by: a) chang-
ing the secondary emission ratio of the affected dynode(s); b) re-focusing the
secondaries so that they land on an different part of the next dynode. Mechanism
a) applies to unfocused multiplies (i.e. DuMont box multiplier* or venetian blind}
while both &) and b) are involved in focused multiplier {i.e. DuMont linear mul-
tiplier, RCA squirrel cage and linear mlltipliers*).

% CCBt2 indicates the type of multiplier used in the various tubes.
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2. b. Cathode

The voltage between the cathode and focusing electrode may be con-
trolled in head-on phototubes so as to cause photoelectrons to return to the cathode.
The relatively high resistance of the semi-transparent cathode material in head~on
tubes and the distributed capacity between the film and the glass face may slow the
propagation of a geting pulse across the face of the tube unless the potential of
the glass is simultanecusly changed by & guard circult.®¥*

C. Stray Coupling

There is inevitably some capacitive or inductive electrical coupling between
the gated electrode and the output electrode, represented by Cpp.p in Fig. 1. This
stray coupling usually amounts to from a few tenths to & few micro-microfarads, and
usually results in a differentiated version of the gating signal appearing in the
output. The spurious signal may be cancelled by deliberately introducing signals
of the opposite polarity into the output circuitry.

Experience indicates that the 6810 is one of the better tubes for gating
gervice, having less stray coupling than most tube types, and is capable of giving
high gain ratios.

III. Gain Ratios* of Various Tubes

, Because of the large mumber of ways tubes may be gated, no attempt is made to
present all the possible ways. Rather, the available data has been collected in
sufficient quantity to indicate a reasonable method of gating each of the tube types
listed.

A. RCA Squirrdl-Csge Multipliler Types
1. Nine stage.types: 1P21, 1P28, 931, etc.

e) Dynode: Typical dynode characteristics are shown in Fig. 2. A
gain ratioc of 102 ig obtained with one inter-dynode displacement (i.e. Dn connect-
ed to Dn-1 or Dn+l). When two dynodes are gated simultaneously, the overall gain
ratio 1s not the product of the individual gain ratios unless the dynodes are well
separated (e.g. D1 and D7, but not DL and D3).

b) Cathode: Displacing cathode by one inter-dynode voltage increment
glves gain ratio of approximately 1071, Displacing cathode and dynode 4 one inter-
dynode voltage increment glves galn ratio of 10-3, :

2. 10 stage types: 5819, 6199, 6655, etc.

a) Dynodes: See Fig. 2. Same comments as for 9 stage types.

b) Focus electrode: See Fig. 3. Photoemission of dynode 1 prevents
gain ratio from being lower than about 10-3,

#* Farinello and Malvano, Rev. Sci. Imstr. 29, 699, 1958.
% Defined on page 2. '
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B. DuMoat Box Types 6291, 6292, 6364, etc.

&) Dynodes: In many tubes, interdynode voltage breakdown may occur
at voltage displacements of > 150 volts. Fig. L.

b} Shield {focus electrode): See Fig. 5 for 6364. Photoemission
from dynode 1 gives lower limit to gain ratio of about lO’u, Many 6292 shields ex-
perience voltage breakdown before gain is reduced by factor of 10.

C. RCA Linear Multiplier 6810, 70h6, 726k, C7232 etc.

a) Dyncdes: See Fig. 6. When several dynodes controlled; gain
ratios are multiplicative if controlled dynodes are all odd or all even-numbered.

IV. Circuitry

A pulse which 18 intended to gate on a normally-off phototube should have its
amplitude regulated in proportion to the phototube supply voltage in order to
always have the controlled electrode at the optimum voltage during the on period.
Two circults to accomplish this are given in Fig. T and 8.

In Fig. 7, the transistor is cut-off by the posdtive gate pulse at PG-1.
Point A then initially Jumps negative by Rc/Rb#Rc x supply voltage. If the time
constant RbC2 1s chosen to be approximately equal to C1/2 Ra, the rate of change
of voltage across C2 will cancel the rate of change of voltage across the Cl's.
(See Waveforms.)} Rise and fall times of about U.l microsec. can be achieved with
2N247 transistors.

Where the gate lengths are such that the size of the coupling capacitors Cl
becomes unwieldy, a scheme such ag 1s in Fig. 8 may be useful. Here the bisteble
circuit draws its operating power from the divider string. Short pulses at PG-1
alternately +turn the phototube on and off.
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A GENERATOR OF FAST-RISING G, . Cox

LIGHT PULSES FOR FHOTOTUBE TESTING

ABSTRACT: The UCRL light-pulse generator provides flashes of light accompanied by
electrical pulses generated at an impedance level of 50 ohms. The usual repetdtion
rate is 60 per second, The light pulse rises and then falls to 50% peak amplitude
in less than 1,5 x 102 seconds. The time relation between the light and electrical
pulses 1s fixed.

Time resolution of 10~10 second is typical of measurements made with this light
pulser, using conventional fast oscilloscopes (e.g. Tektronix 517), while elabora-
tion of technique permits relative time measurements that are better in some cases
by at least three orders of magnitude.

The light is emitted from a region a few mils in diameter, and thus may often
be considered to come from a point source, The maximum light amplitude is great
enough to current-saturate low-gain multipliers, or it may be so reduced as to re-
lease an average of one photoelectron or less per pulse from a photocathode,

In conjunction with an oscilloscope, the light<pulse generator has proved use-
ful in testing end evaluating the high~-speed aspects of lightesensitive devices,
These devices include multiplier phototubes used in scintillation and Cherenkov
counters and in coincidence detectors, and low-light-level image tubes, With this
pulser, tests and measurements of afterpulsing, transit time, multiplier transite
time spread, cathode transit-time spread, multiplier current saturation, pulse gain,
etc., can be made, A photograph of the light pulser is shown in Figure 1,

OPERATING SPECIFICATIONS:

Outputs:
1, Light pulses
(a) The 10 to 90% rise time is less than 5 x 10710 seconds.
(b) They rise and then fall to 50% of peak amplitude in less than
1.5 x 10=9 seconds,
(¢) Light is emitted from a region a few mils in diameter,
(d) Light intensity is adjustable with an attenuation ratio of ap-
proximately 100 to 1 without disturbing any electrical settings,
by means of a Polaroid attemuator .
(e) Léght intensity is adjustable with a ratio of approximately
10° to 1 by changing the applied voltage.
2. ZElegtrical pulses
{a) The electrical pulse is generated simultaneously with the
light pulse, therefore can be used as a time reference for the
light pulse.
(b) The 10 to 90% rise time is less than 5 x 10710 seconds.
(c) There is one monitor-signal, two 52 ohm trigger outputs, and
one 125 ohm trigger output.

Repetition Rate: Usually 60 per second, although it may be operated at rates of
0 to 100 per second,
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Power Requirements:
1, 4 high voltage supply, adjustable from 100 to 5000 volts de. Current
drain is less than 20 microamperes, Either polarity is permissible,
The polarity of the electrical trigger pulses will be the same as the
polarity of this supply. '
2. An adjustable source of about 3 volts at half an ampere at 60 eps for
the driving coil,
A sultable supply containing both of these power sources is shown in Figure 4.

Operating Position: Vertical, with PG-5 and PGe6 up, and PG-l, PG-2, PG-3,
and PGe4, down, :

Operating Environment: Operates most satisfactorily in a region free from
strong magnetic fields or mechanical vibrations,
The temperature of the capsule enclosure should not exceed 150 degrees F,

LIGHT AND ELECTRICAL PULSE GENERATION: The light pulses are produced in a mercury-
wetted-contact relay cepsule such as is used in Clare HG 1003 relays (Clare type
RP-5/80). The source of light is the arc formed at the contacts of the capsule,
The magnetic field of a driving loop actuates the switch ocontact. The contacts are
normally open and when driven toward the closed position with voltage applied, an
arc forms, producing the light. The resulting electrical pulse is propagated down
the transmission line, GH, (Figure 2) to the resistive attemuators at Plugs 1, 2,
and 4.

Energy for both the light pulse and the electrical trigger pulse is stored in
the capacitance of the stationary contact of S-1 and the short lead of the 500-
megohm resistor, R-13, as indicated by DE in Figure 2,

The pulse data given for both light and electrical pulses refer to the first
or primary pulse in the group. Below about 1 kv, usually only the primary pulse
occurs. Above this voltage a group of light and electrical pulses is produced on
each mechanical cycle,

The second pulse of the group is delayed 2 microseconds or more after the first
pulse, and may be used to trigger separate oscilloscope sweeps. The groups have
been used in various ways in conjunction with auxxillary circuits to form gates, etc.
Alternatively all signals after those derived from the first pulse may be gated out,

TRIGGER PULSE: Figure 5 shows the trigger pulse from PG-1l, PG-2, or PG-4 as viewed
on a SXFll cathode-ray tube adapted for coaxial cable connections direct to the
vertical plates, The pulse has been delayed through 110 x 10~7 seconds of RG 63/U,
The actual trigger pulse is shorter and higher than Figure 5 would indicate.

Figure 6 gives the measured peak voltage of the trigger pulse as a function of the
high-voltage power-supply setting. This setting for Figure 5 is 2400 volts, The
actual peak pulse voltage for Figure 5 is about 40 volts, whereas the scope picture
(which is almest the impulse response of the scope) indicates about one-fifth this
ampiitude and a broader pulse.

The trigger pulse is short enough so that its amplitude decays tolabout 1/2
the initial amplitude after traversing 100 ft of RG-9/u coaxial cable,
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LOHITOR SIGilaL: The signal at FG-5 is the output of a capaclty divider which con-
sists of the 0,002-uf capacitor (C-1 of Figure 3) and the capacity (aprroximately
0,1 puf) between the unshielded end of the cable attached to iG=5 and the energy
storage circuit, DE of Figure 2, which is not accessible otherwise. %The ratio of -
the divider is thus about 0.1 apaf divided by 0.002 af, or 1:20,000 for an open
circuit at FG=5. Gate signals required to occur a few microseconds or less in
advance of the light pulse can be generated from the monitor signal.

LIGHT OUTFUT: Figure 7 shows the light output in terms of the response of an S-11
rhotocathode as a function of the high voltage for several units of the present
design, Figure 8 (upper trace) shows the approximate light-pulse wave shape as
measured by a special phototube with control grid gated.

The spectrum of the light emitted from the pulser shows some output £hroughout
the visible range but is predominantly in the blue region,

The fraction of the emitted light having vertica% polarization ranges from .6
for a 5000 volt setting to .9 for a 200 volt setting.,

POLAROID ATTENUATOR: The light attenuator consists of a stationary and a rotatable
dise of Folaroid film, providing a way of adjusting the light amplitude. It may

be attenuated by means of the adjusiment handle, (E of Figure 1) by a factor of 100
over minimun attenuation.

TYTCAL FEOTOTUBE-TEST SETUP: Figure 9 shows a typical test setup. several tubes
may view the light source through various optical paths if desired. OUne of the
trigger tubes may appear as a fiducial mark on the oscilloscope sweep (Cable B),
another may be used for Z-axis modulation, etc.

further details on the use of the light pulser together with constructional”
drawing numbers and accessory equipment drawings are available,

HEFEAaLNGES & : .

1. UCki Counting Handbook, Counting Note CGZ-1.

2. TFrederick 4. Kirsten, Measurement of the Shape of the Light Fulse Gener=
ated by lercury Light Pulser 4V5572, Engineering Note EL548, April 1958,

3, Q. A, ferns, F, A, Kirsten, G, C. Cox, A Generator of Fast-Rising Light
Pulses for Fhototube Testing., UCGRL-8227, warch 1958.

4. Sane, Fage 15.

5. Same, Fage 27.

6. Same, Page 26.
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Fig., 1. A rear view of the light pulser., (Light pulses are emitted
from the other side.) A, permanent magnet; B, mercury-cap-
sule driving coil; C, PG-5 monitor signal output; D, PG-6
high voltage input; E, polaroid adjustment handle; F, remov-
able cap for high-level coaxial connection; G, PG-4 51-chms
trigger pulse; H, PG-3 driving-coil input; I, PG-2 51-ohms
trigger pulse; J, PG-1 125-chms trigger pulse.
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COUNTING NCTE March 16, 1961
T. G. Innes
A TRIGGERED NANOSEGCOND LIGHT SOURCE G. C, Cox

ABSTRACT : A system for simulating the scintillations from nuclear events has been
developed and is presently in use., This note describes the system, which includes
nanosecond light sources, coax cables, splitting transformers, and a nanosecond
glectrical pulse generator, Special considerations when employing the system are
escribed,

DESCRIPTION: Fig. 1 shows the system, It is used to simulate a nuclear event by
producing a pattern of light pulses in appropriate time sequence at the various
phototubes, Fig, 2 illustrates the arrangement. The cables at the patch panel are
adjusted in length to give the desired time sequence of light pulses at the scin-
tillators, A single high-level pulse is generated and distributed into the lamps
via splitting transformers and coaxial lines, Thus, the time relation between
electrical pulses in each delay channel is inherently jitter~free, The time jitter
of the light pulse relative to the voltage pulse is about 0,1 or 0,2 nanoseconds.

OPERATION SPECIFICATIONS - LAMFS:

Operating Voltage Range: 500 to LOOO v
Operating Position: Any

Amplitude Jitter: 10 to 20%
Time Jitter: £ 0.2 ns

Photon Output Visible to an S11 Phototube: 20,000 photons per pulse at
1275 volts in a solid angle of
1/6 steradian.

Light Pulge Width: 1 to 2 ns wide at half maximum
height.
OPERATING SPECIFICATIONS - ELHCTRICAL PULSER:
Outputs:
1. High Level Pulse
(a) Amplitude~3 kv

(b) Pulse width 2 ns with a half-nanosecond rise and a half-nanosecond
fall. See shape in Fig, Ta.

(¢} Source impedance, 51 ohms,
2, Trigger Pulses
|
(a) One positive and one negative of the shape shown in Fig, 8

(b) Amplitude is about 4O v for the positive trigger and 20 v for the
negative trigger. '
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Repetition Rate:

The adjustment range is 70 to 150 pps, usually set to 100 pps by front panel
screwdriver adjustment, This is the repetition rate at which the panel
voltmeter is calibrated,

Power Hequirements:
117, 60 copeSos 5 W
Operating Positions

Usually vertical, (any position that keeps the contacts from becoming bridged
by the contained mercury is satisfactory).

Operating Enviromment:

Free from strong mechanical vibrations and strong magnetic fields (shaking
of the mercury surface on the pulse generating gap increases the pulse height
jitter).,

Pulse Height Stability:

Pulse to pulse jitter is less than 5%, There are long-term drifts which can
be corrected using the front panel meter as a relative indicator of pulse
height, Pulse heights can be re-established to within * 3%, (See section
on "Electrical Pulse Operation",)

BARTUM TITANATE LAMPS: A small pulsed-light source has been developed using field~
emitted electrons to initiate a discharge in hydrogen. The discharge is obtained
by applying a voltage to the junction of a tungsten wire and a dielectric, in

this case a barium-titanate ceramic. This ceramic exhibits a high dielectric con-
stant; typically greater than 4000, The voltage is generated by the 3=kv nancsecond
pulse generator, which will be described later., The lamp is shown in Fig, 3.

The tungsten lead is grounded and a positive pulse is applied to the titanate.

This results in electrons being emitted from the tungsten due to the high field
concentration at the Jjunction. An avalanche is started in the hydrogen and con-
tributes to the total current through the device. The gas pressure is 1/2 atmos-
phere; hence, the avalanche is quickly quenched upon removal of the electrical pulse,
The ligh%t pulse is 1 to 2 nanoseconds in length.

Fig. L shows the electrical output from a2 1P21 multiplier phototube when illumina-
ted with the lamp. The photo was taken from a HP-185A4 sampling oscilloscope. The
phototube is not saturated, Fig., 5 shows samples of seven lamps operating under
identical conditions of pulse voltage. The phototube voltage is held constant,
Four lamps have about 20% amplitude difference while lamps [ and 5 have a factor
of 2 greater output. Lamp 2 is an old style and would not be used in a system
comprised of the other six. These figures represent about 20,000 photoelectrons
incident on the photocathode,

The operating voltage range extends from 500 to 40O volts. The best operating
range in terms of amplitude stability and time jitter is at the higher voltages.
Amplitude jitter is on the order of 10 to 20% more than one would estimate from
the photon statistics alons,



File €C8«31(3)

Fig. 1. 3 KV Nanosecond Pulse Generator, cables, splitting
transformer, with two lamps, A Polarold attenuator
is connected to the lamp on the right.
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Fig, 2. Corona lamp simulation of a nuclear event,
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Fig. 3. The barium titanate light source., The
tungsten lead and the titanate junction
is on the left, Power enters at the
co~ax seal shown on the right,

Fig, 4. Electrical output from a 1P21 phototube
when illuminated with a barium titanate
lamp, Horizontal scale is 2 nanocsec/div.,
vertical calibration is 0.4 volt/div,

H,P, sampling “scope" photograph.
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Fig. 5. Phototube output of seven lamps, The phototube voltage and lamp pulse
voltage 1s held constant, Lamps 5, 6, and 7 are wound with coils
while lamps 1, 3, and 4 are equipped with step-up transformers.
Notice the amall effect on timing. H.P. sampling "scope" photograph.

Fig. 6. Two lamp assemblies are shown.
The one on the left is equipped
with a variable Polaroid atten-
wator. The assembly screws into
a 1/2-20 NF thread,
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OPTICAL ATTENUATORS: Optimum light levels for a particular photoiube can be
achieved by optical attenuation, Pieces of film or drafting tape can be_usedo u

in Fig, 6, a variable optical attenuator is shown. This attenua?or prov1§es adjust-
mert of the light amplitude without disturbing any of the electrical setiings. ,

An adjusting ring moves an inner Polarcid film with respect to the outer Polareid
film and the lamp. Indexing lines are spaced to give attenuation steps of tw?

up to an attenuation factor of 6l, Stops are at minimum and maximum attenuation.
The maximum is greater than 100X the minimum, -

Drafting tape is an economical attenuator, One layer of tape corresponds to a

loss of about 50X. In quantities of one to five, the variable optical attenuator
requires one day of shop time to fabricate. If sufficient interest is shown in

the variable attenuator, to justify making a large number, the price per unit would
be reasonable, about that of a 125 ohm connector. It should be kept in mind that
the added cost of a variable attenuator may be Jjustified in terms of the added
flexibility,

LTMITATIONS IN THE NUMBER OF LAMPS: The attenuation of the cables used to connect
the lamps will limit the number of lamps that can be run in a single array. The
amplitude and time jitter one can tolerate is a factoer one must consider. The lamps
have a threshold or minimum voltage necessary to initiate the discharge. In order
to insure a discharge with minimum amplitude and time fluctuations, a high-amplitude
fast-rise pulse must be used. Pulse amplitude of two times threshold is adequate.
Therefore, attenuation introduced by cables must be considered along with distortion
of the pulse, The distortion will slow the rate of rise of the voltage. Threshold
voltages vary from 300 to 500 volts. Consequently, cable runs of several feet
will allow one to use two splitting transformers for a total of sixteen lamps.

When enough cable is used to introduce L to 6-db loss, (1.6 to 2{ loss) only one
splitting transformer should be used, A long cable with 10 to 12-db (3 to I times
loss) attenuation will light one lamp, However, it should be kept in mind that

the number of lamps and cable lengths are dependent upon the requirements of the
experiment. Over 100 lamps can be pulsed in a single array if one can tolerate

the amplitude jitter,

4 step-up transformer is usually packaged with the lamp, This will double the
voltage at the lamp, thereby increasing the nmumber of lamps 1lit in any array.
The effect upon timing is small. In Fig, 5 lamps 1, 3, and L have transformers,
while 5, 6, and 7 are wound with peaking coils,

Better performance is obtained with a step-up transformer than with & coil. The
step~up transformer will, therefore, be offered as an option. The transformers
{or coils) will slow the rise time of the applied voltage 10 to 20%., This will
add to the time Jitter of the light pulse, The amount of time jitter of the light
may not be as importani as the amplitude jitter of the light. Where cable loss
is a factor and/or a large number of lamps are to be 1lit by a single electrical
pulse; the transformer should be included. Amplitude jitter of the lamps will
generally cause time jitter in the electronics that follow, Again, it must be
stressed that the optimum combination of lamps, transformers, and cables will
be dependent upon the requirements of the experiment., Lamps with transformers
will be color-coded red when viewed from the end with the GR connector.

If the applied voltage to the lamp is increased indefinitely, arcing occurs in

the lamp, If only cne lamp is to be used, a 6-db pad (2X loss) or splitting trans-
former should be in series with the lamp, The lamps are terminated by 51 ohms
inside the package., Fifty-ohm cables should, of course, be used, There are high
electric fields around the lamp so the package helps reduce stray electrical
radiation,
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ELECTRICAL PULSE GENERATOR: The 3-kv nanosecond pulse generator (shown in Fig, 1)
provides the electrical pulses to excite the corona lamps, The output is a pulse
of about 3 kv in amplitude at an impedance level of 51 ochms, The pulse width is

2 nanoseconds with a repetition rate of 100 per second. The trigger pulses pro-
vided are derived from transformer coupling to the high-level pulse and are useful
in starting oscilloscope sweeps and as markers along the trace,

EIECTRICAL PULSE OPERATION: -The electrical pulses are generated by switching a
charged coaxial cable into an output transmission line of matched impedance (51
ohms). A mercury capsule“ in a constant-impedance oil-filled enclosure is the
switch. The capsule relay contact is not vibrated to produce contact closure,
Instead, the voltage on the charging cable periodically rises to the breakdown
potential and a spark occurs., Pylses are produced at about 100 pulses/sec. A
simplified schematic diagram of the generator is shown in Fig, 9. The entire
circuit is shown schematically in Fig, 11,

After some hours of operation or when it is desired to repeat pulse heights from

a previous time, it is possible to redistribute mercury on the contact surfaces.
Provisions are made to vibrate the relay contacts for this purpose by means of a
front-panel button. In general, continuous vibration by depressing the button

adds mercury to the surface of the contacts and short "bursts" of vibration by the
button knocks more mercury off of the contacts., The most mercury can be made to
cling to the contacts by physically inverting the case or by shaking it vertically.
(Sharp jolts against hard objects are undesirable,) The amount of mercury on the
contacts changes the gap width and; therefore, the breakdown voltage. As seen in
Fig. 9, the supply voltage to the 80 meg. charging resistor is a function of the
current feedback, If the gap size is reduced; causing a higher repetition rate,
the average current through the capsule rises, acting to reduce the supply voltage,
The front panel meter indicates the supply voltage to the 80-meg. charging resistor
and because of the previously mentioned current-feedback regulator, it indicates
gap-size changes and, therefore, pulse-height changes, It does not read pulse
height absolutely; however, it has been found that by measuring the actual pulse
height with a peak~reading diode, the front-panel meter may be used to repeat pulse
heights from a previous time to within % 3%, :

The pulse height into a Sl-ohm load at the generator is equal to one-half of the
breakdewn voltage minus one-half of the arc drop across the spark.” As mentioned
previously, the attenuation in coaxial lines reduces the pulse delivered some dig-
tance away.” When the front-panel "push-to-read current" button is pressed, the
meter is switched to read the average current through the capsule,

CHECKING NORMAL OPERATICN: Approximately 12 pa and a reading of between 6.5 and
7.5 kv together with a spark check at the output is an indication that the instru-
ment is operating normally. The spark check can be made by holding a grounded
conductor about 1/6l of an inch from the center conductor of the output. It is
good practice to have output pulse terminated at all times in a resistance of
approximately 50 ohms,

Figure 8 shows representative pulses obtained from the "Pos" and "Neg" trigger
outputs,

Construction and checkcut information is referred to at the end of this noten5
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(a) The 3000-v pulse output from
the generator.

(b) One of the four 1500-v outputs
from the splitting transformer.

(c) A 3000-v generator pulse after
passing through 22 ft. of RG-8/U.

(d) Pulse (a) After passing through
76 ft. of RG-8/U. Amplitude is

about 2400 v, The amplitude loss
is 20% .

(e} Pulse (a) After it passes through
55 ft. of RG-55/U. The amplitude
loss is 25%.

(f) Pulse (a) After passing through
two splitting transformers cascaded,
plus 55 ft. of RG-55/U. Ampli-
tude is 540 v. With no loss the am-
plitude would have been 750 v.

Fig, 7. Waveshapes for some combinations of generator, transformers
and cables.  Sweep speed is 2 nanosec/div.

Fig, 8, Typical trigger pulse shapes.,
Vertical sensitivity is about 30 v/cm, Sweep speed is 2 nanosec./cm,
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SPLITTING TRANSFORMERS: The input and output impedance of the splitting transformer
is 51 ohms, Four equal and synchronous outputs are provided at Just half the input
voltage, Thus, one transformer can feed four others to produce sixteen identical
signals at 1/l the voltage level of the primary pulse generator. The rise time of
the transformers is adequate for an additional cascade, from which there would be

6l output channels at 1/8 the voltage, There is some loss in rise time and amp=-
litude in the transformers, but it is less than the loss in cables that are used to
delay and distribute the pulses. The transformers are constructed of four equal
lengths (1.6 nsec) of miniature 5l-ohm coaxial cable (RG17L/U)., The series-parallel
cormection of the four cables may be seen in the photograph of the transformer,

Fig. 10. 1Two of the four cables have a voltage pulse along the shield length,

and are wound on a ferroxcube 102 toroid 1 in. in diameter to raise the impedance

of this shunt path.

Figure 7 shows wave shapes for some combinations of generators, transformers, and
cables, RG9/U has been used for moderate delay, RG35/U for short delays or patch
cables, Styroflex cable l-in diameter has been used for 150-nsec delay and would

be satisfactory for delay up to a microsecond, GRO7L cable connectors can be used
with both RG/U cable types. Type N connectors can be used with RG9/U and BNC
connectors with RG55/U, The generator, transformers, and cabling systems have

been maintained in coaxial configuration throughout in order to keep spurious radia-
tion from other circuitry. (RG9/U and RG55/U are the double shielded versions of
RG8/U and RG58/1.)

REFERENCES:

1. Q. A, Kerns and G. C. Cox, UCRL 9269, A Triggered Nanosecond Light Source,
October 10, 1960.

2. The capsules used were obtained from the Western Electric 275C and from C, P,
Clare and Company HG 1003 mercury-wetted contact relays,

3. lewis and Wells, Millimicrosecond Pulse Techniques, McGraw-Hill Co., 195l
Page 100,

i, Counting Handbook, File No, CC2-1.
Se  3=kv Nanosecond Pulse Cenerator 3X54L03 and 3X5413.

Engineering Note=--Assembly Details EET-7L47
Engineering Note--Checkout Procedure EET=770
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H. G, Jackson

Rev. August 2, 1966
L. Wagner, D. Burton

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

RADIATION LABORATORY SCALERS OPERATING CHARACTERISTICS

Tests have been made on the decade scaler presently in use at the Radistion
Laboratory and a summary of the results is shown in Table I.

TABLE I NOTES;:

(a)
(b)
(c)

(a)
(e}

(f)

As a scale of 1000, limited by mechanical register.
This consists of a scale-of-ten unit that can be cascaded indefinitely.

This unit is a dual scaler, each scaler having a 999,999 count capacity.

By a selector switch either scaler may be read out on front panel Nixie
type indicator tubes. Tape punch and typewriter readout are also available
when using the readout unit in conjunction with the scaler.

These measurements were made using 5 nsec pulses.

This unit is a dual scaler, each scaler having a 9,999,999 count capa~
city. Each scaler is read out on its own set of Nixie type indicator
tubes. Tape punch and typewriter readout are alsc available when using
Readout Unit 11X15h1l P=l in conjunction with the scaler. This scaler

can be added to a string of 10 MHz Scalers (11X10Tl) for readout purposes.

The 100 MHz Decade Scaler is & pre-scaler - & positive b Volt output
pulse is available via a front panel BNC to drive a 10 MHz Scaler. Read-
out signals are present at the NIM-Bin plug: 1-2-4-8 BCD, Logic "1" =

+ 12V, Logic "O" = 0OV,

SCALER SCHEMATIC DRAWING NUMBER

5 MHz Mod. 4 {5-1/4" bin) Mod. 5 (3-1/2" bin)
3XT2Th L¥X1024 - Decade Unit
LX101L 4X1034 - Decade-Register Unit
X374 3X997L4 -~ Base Unit

10 MHz 11X1071 P=3 -~ Scaler
11X1541 P-1 - Readout Control

10 MHz Decade 11X1081 P-1 -~ Scaler
11¥109)1 P-1 - Discriminator
18X1020 P~1 -~ Bin

100 MHz Decade 18X1100 - Pre-Scaler

100 MHz, T.S.I. Instruction Manual

LW/mlr
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File No, CC 9-8A (1)

February 15, 1966
H. G. Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

DECADE _SCALER MODEL 5

SUMMARY

This scaler is an all segi-conductor unit capable of scaling pulse
inputs up to a rate of 5 x 10° per second. Visual read-out is by means
of indicating meters (0-9 count). Provision is also made for electrical
read~out in & (1=2-2~L code) four-wire system from each decade. Modular
construction is used for ease of maintenance, each module being a 3-1/2"
high printed circuit board of the basic scale of ten that can be cascaded
indefinitely. However, not more than four units can be inserted into one
printed circuit bin,.

ZN-5408

Fig. 1 - Front Panel View of Scaler
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II., SPECLFICATIONS

Minimum resolution time 0.2 us
Maximum counting rate 5 x 10" per second .
Register speed 15 per second (4-digit register)

Input Re guirements

a) Minimum amplitude - +5 V peak for pulses with rise time less than
20 ns, For pulses with rise times greater than 20 ns the
required sensitivity is approximately 150 volts per micro second
of rise time,

b) Maximum amplitude - Approximately 4 times minimum amplitude of a).

¢} Minimum pulse width - 0.0k us,

Count Switch

a) In STOP position scaler does not count.

b) In COUNT position scaler will count continually.

e) In GATE position scaler will count only during the interval that
a +4 - +20V gate pulse is applied to the gate input.

Reset to Zero

Electrical and register reset obtained simultaneously by pushing reset
button. Provision is also made for resetting remotely through an
external reset connector on the rear chassis. This also allows for
any number of units to be reset by one reset buttom,

Presentation - Visual by means of indicating meters (0=9 counts).

Readout

By means of & l-wire system from each decade (1-2-2-4 code). Open
circuit voltage is -7 volts for "O" state and =13 volts for "1" state
with an internal impedance of 10 kilohms.

* Memory time of the first flip-flop is about 200 ns. Input pulses of
200 ns width with the trailing edge of the pulse falling faster than
150 volts per micro second may cause double counting. This problem
does not occur for input pulses with widths appreciably shorter or
longer than 200 ns.
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Input Impedance - Scaler input 400 ohms; Gate input 7.4 kohms,

Note It is recommended that in general the first decade be preceeded
by the 10 MHz discriminator., (See Counting Note No. CC 3-11).

Power Requirement - 115 V AC at 0.3 A,

A picture of the front panel is shown in Fig., 1. A block diagram of
the unit as a scale of 1000 is shown in Fig. 2.

Gate Ext
4 Reset Inlpuf
| R | = L= R
ear
Chassis
[
DecadeRegister] Decade Decade Decade Front
Unit Unit Unit Unit Panel
K1
4 3 2 | Bin No.
MU B-9894

Fig. 2 = Block Diagram - As a Scale of 1000

The modular construction allows for a selection of scaling units in
the printed circuit bin:

a) Four decade units arranged as a scale of 10,000,

b) Three decade units arranged as a scale of 1,000 with one spare
positicn available.

c) Four decade units arranged as two scales of 100.

d) Two decade units arranged as twe scales of 10 with two spare
positions available.

e) Four decade units arranged as four scales of 10.
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Note
(A} A Decade-Register unit is needed to control each complete scaler.

1) The scaler input is at the first or "units" position.
2) The decade-register unit must occupy the position of
the highest power of ten in any complete scaler.

(B) 1) Four scaler-input connections are available on the rear
chassis, one to each bin.
2) Four gate-input connections are available on the rear
chassis, one to each bin.

(C) Resetting to zerc is achieved by grounding, internally or externally,
the reset lead.

Input _ O 2 4 6 8 10 12 14 16
rrrrrr1r 1t 1ot 11
FF-1
FFr-2 | | | | [
FF-3 __| [
FF-4 | [
MUB-9893

Fig. 3 - Scale of Sixteen - Collector Waveforms

0T23h567 0
Input l T

FF-1

Fig. 4 ~ Scale of Ten - Collector Waveforms
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IIT1., CIRCUIT DESCRIPTION

l. 5-MHz Decade Unit (LX102Lk) The collector waveforms of a scale of

sixteen are shown in Fig. 3. These are the waveforms of a scaler
without feedback using four flip-flops connected in the usual binary
fashion. The waveforms show that sixteen input pulses are required

to obtain a complete cycle in which all the collector-waveform voltages
are returned to the initial state. A scale of sixteen may be converted
into a scale of ten by using feedback and then it requires only ten
input pulses to obtain a complete cycle in which all the collector-
waveform voltages are reverted to their initial state,

Figs. 4 and 5 show the collector waveforms and the block diagram for a
scale of ten, respectively.

Input Out
P PR FF-2 FF-3 | FF-4 (SRl
Fig. 5 - Scale of Ten - Block Diagram MUB-9895

In this unit the scale of sixteen is reduced by a count of six to a
decade scale, through a feedback network, in two operations. Fig. 5
shows the block diagram of the decade scale and indicates the feedback.
Referring to Fig, 4, with the fourth pulse FF-2 is reset by a pulse

from FF-3 and the count is reduced by a2 count of 2. Then with the

sixth pulse FF-3 is reset by a pulse from FF-lL, and the count is further
reduced by a count of 4, It may be noted that FF-2 must be reset on the
fourth pulse but remain undisturbed on the sixth. On the sixth pulse
FF=3 is reset before it is completely set, then after differentiation the
unwanted pulge is about one~third the amplitude of the wanted pulse, A
biased diode is used in the feedback network to discriminate against
this small signal.

The visual resdout is achieved by means of a meter which reads the sum of

four currents, cne from each flip-flop. The deflection of the meter is
proporticnal to the residual ccunt in the decade.
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Tne electrical readout is by means of a 4-wire system (1-2-2=4 code).
Each of the four flip-flop outputs from each decade is connected through
a 10 kilohm resistor and brought out to a connector labeled "Sealer
Print-Out.”

A small hole in the front panel, in approximately the middle of the
panel, allows access to a small trimming potentiometer located on the
printed circuit board of each decade unit. With no power applied to
the scaler, the pointer on the meter should indicate zero. If not,
adjust the mechanical zero-adjust screw on the meter, On the ninth
pulse, the pointer should indicate nine, If not, adjust the
potentiometer.

2. Decade Register Unit {4x1034) This unit is identical with the
Decade Unit except for the addition of a) the register; b) the count
switch and ¢) the reset button,

The input to each scaling unit takes the form of a diode AND circuit.
With the count switch on STOP, one diode (CR-2) is conducting and
signels at the scaler input will not trigger the unit. With the switch
on COUNT, the diode is rendered non-conducting, and the signals will
now trigger the unit. In the GATE position, this diode is normally
conducting and is rendered non-conducting with the presence of a gate
signal. A zero volt signal gates the scaler off; a +h volt signal
allows the scaler to count.

The reset push button energizes the register reset coil which resets
the register to zero and opens two contacts which allows the flip-flops
in the scaling units to reset to zero. Provision is also made for
operating the register reset coil remotely through an external reset
connector located on the rear chassis,

3. Base Unit (3X9974) This unit is a 3-1/2" high type printed circuit
bin and contains the permanent wiring associated with the printed-
circuit connectors, and also the power supply. The power supply is
located on the hinged panel at the rear of the base unit. The pover
supply supplies 15 volts @ 450 ma, and each decade with registers draws
75 ma, and decade without registers draw 60 ma,
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ZN=5407
Fig. 6 = Rear Panel of Base Unit

Fig. € shows & picture of the rear panel of the base unit. The two
"EXT. RESET" connectors are paralleled so that several scalers can
be reset at the same time, The "PRINT" connector conteins the
connections to each decade for the (1-2-2-4) code to a scaler print-
out unit,

The "GATE" inputs are only connected to the decedes with registers
(only one gate input needed for each register unit in the bin).

The four other connectors labeled "SCALER" are the outputs of each
decade,

Engineering Schematics

5=MHz Decade Scaler Lxio02y
5-MHz Decade Scaler with Reg., UX103k
Base Unit 3X99Th

KGJ /mlr



cCc 9-8A (8)

01)BWAYDS & TODPOX I9TWOS spwoa( = L ‘AT

ripp Xy BRIING JaveF 2Z-SO/LYR BMITLD GRS
[EFINE  JAVOT OINUF £ZPr%  qEYOR IRl —_— ~

ARLOW S LITIXI LN B JAY SxLEEE TV ¥

OaVeE  ANYINXAY ML ND TRINH TV (IIF R LS €
FAUSITAZ IS NO TRINOW Sy X3 182 T

O AR o daw S JWP {

ey

. N
! FZwz oI5

| el
| A2
&
TDoR A2V INAY M NG ST INT| 2
‘l mT i CILOT NMUN D209 1 ion |
Py E—
—_ } T .
s j - FZe
) (g
£rs
<ne 7 R— L L
: : o EE: wor wor 3
a2 dn 3 3
-7 |» Fors
£ [ e ¥
#-z |y i i 22987
L PR |
Fl J s . By P p. _
. vFG HF | @07 i sFE W E| 0673 %
Py : g 3 E: 3 E: ;
w rree 2iF
o
w
’ ¥-of
e At _ /—.
i}
; P . P f,rtm
ooty R ‘w Peski OO FEIOF LogNT
rZan
r
’ v S %, goomsor
Riad 4 ) slews Tas ¥
» i
. 7o - Iy yE] 3
. T
w5E s ) - Fl e j - . FCHINOT
s F a5 ¥Z ¥ orcy 2% of= M E N o 2
y 3 3
PPN I S— - * LI _ . H H
LR ] -
AP
o o —
AV LS
£ Py FEIE
e fo o RTINS
M




File No, GC 9-9 (1)
January 13, 1964
H, G, Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

REGISTER UNIT - 11X2411 P-1

I, SUMMARY

A 4-digit register is operated by a +4 V logic level applied to a
monostable multivibrator., The regist?r is reset manually or by appli-
cation of & standard +4 V logic level' to another monostable multi-
vibrator, A pair of relay contacts (normally closed) are operated by
the reset coil. Connection to these contacts is by the rear comnector,

The unit is packaged in a shielded nanobox., A size 4X box
(3 x 5-1/4™) is used,

REGISTER

| MANUAL

T R

Fig. 1 - Register Unit -- Front View

II, SPECIFICATIONS
Input (Count and Reset)

Impedance 1K¢@

mH Level +4 V

"t Level -1V
Min, trigger width 100 ns
Max, count rate 24 pps
Relay Contacts pins 16 - 17

Power Required

+24 V 320 mA pin 12,
+12 V 40 mA pin 10,
=12 Vv 4 mA pin 21,
Ground pin 1.

1See CC 5-9 for logic voltage levels,

HGJ :mt
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April 2, 1964
H, G. Jackson, D, L, Wieber

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE
A DECADE SCALER AND READOUT SYSTEM

INTRODUCTION

A scaler system with facilities for visual, typewritten and computer
oriented readout has been developed. A photograph of a small scaling
assembly is shown in Fig, 1 and a rear view of a scaler is shown in Fig. 2.
A typical scaler and readout system is shown in block diagram form in Fig, 3.

Fig, 2 - Scaler (rear view)
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STATION GATE

EXT GATE -
I’y y yCNABLE vy
PRINT COMMAND | -
START] FIRST TRANSFE] SECOND TEAN, [ -
R/O ADVANCE -
CONTROLIRESET STATION STATION]
CONSOLE |2ISPLAY SELECT ONE TWO |4
8- INE CODE -1 -—
I STOP R/ TRANSFER FROM e
j L t______1 FINAL STATION
1
PAPER
TAPE |TYPEWRITER
PUNCH

Fig. 3 - Scaler and Readout System Block Diagram

Each scaler chassis contains two six—~decade scalers capable of count-
ing pulse inputs up to a rate of 107 per second., Visual readout is provided
by six Nixie tubes, so that contents of either -scaler may be visually dis-
played, Each scaler has its own discriminator with a front panel sensitivity
control,

The readout control console accepts binary coded decimal (BCD) infor-
mation from the scalers in serial form, processes the data and records it
on a typewriter and/or a paper-punch, The Control provides for remote gating,
reset, and selection of display mode, It can operate on an unlimited number
of scalers, since all control signals are regenerated in each scaler chassis,
The control cables are connected in series between scalers. The BCD infor-
mation from the decades is fed to the Control Console on 4 wires, An addit-
ional 4 wires are provided so that parity check, end of line, and alphabet
codes can also be transmitted,

DUAL SCALER (11X1071 P-3)
A block diagram of the Dual Scaler is shown in Fig, 4.

The twelve decade cards have a common reset line, Both manual and
automatic reset facilities are available, In the automatic mode, a switch
allows the stored count to be either erased or retained after a Count-Readout
cycle. Another switch provides for the carry output from any decade to be
applied to the Decade Out connector. A light indicating that a carry output
has been made,
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"A" DISC. OUT
[ J o DECADE QUT, — .
POS.IN —»| A W SCALER [g W/ £ "[A SWITCH [-»f'A QuTPUT A
M oAt DECADE O
caTe o] DISC |+ 6 DECADESZEW oe out

| "8 DISC OUT BW

FB' SWITCH {8 QUTPUT|__-p*

4

| ot
POS. IN—= 8 J B SCALER

scan | A [ NixeE e 1010
NEG. IN ~F-f ' CATHODES
GATE | DISC.|—*]6 DECADES .._.;‘\ GATE DECODER
| 24W
| J_ RESET STORE RESET L PARITY BIT
m_ol ’ L
’ ERASEJ,
‘ RETAIN
\
TCB
I [sTaTion SREEQ'ZEOL(’:E PROGRAMMNES L Lot NiXiE e anooes
—
| |conTroL NCE BT carp pBE GATE |5 carropes
GENERATOR|W 2w W (amm)
T B-LINE BCD
R
8 - E;,J 2 NOTE
2 & o % g 3 W= WIRE
14 e O -
£8 e
e $EL SR

Fig, 4 - Dual Scaler Block Diagram

A, Discriminator
The Discriminator specifications are as follows:
Input:

Amplitude: + 0,1 to 1.1 V or - 0,2 to - 2,2 V, variable
by means of a 10-turn potentiometer, A X10
attenuator switch gives a range of + 1.0 to
11 V or - 2.0 to - 22V,

Linearity: + 1% integral,
Threshold Stability < C.5%/°C.
Width: 5 ns to 200 s,

Maximum repetition rate 107 pulses/sec.

Impedance: 125 chm matched.

Output:
Scaler Input Disc, Quiput
Amplitude + 5,0V + 5.0V
(Into open circuit)
Output Impedance 82 ohm 125 ohm
Width 25 ns 25 ns (rise time

<5 ns)
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Discriminator (Continued)

A block diagram of the diseriminator is shown in Fig, 5., The
tunnel diode is biased and loaded sc that it remains in the high
voltage state as long as the input signal exceeds the threshcld, up
to 200 psec, so as to avoid double pulsing.

47010V

I -L FDG

GATE INPUT —emr sﬁiggn - }||47 +izv
foe ]

O
S-ma 2MB34
TUNNEL

DIGDE o
- X0 Fos nPuT| 8 £ 0 Ha7  130a g
I ar TENUATO STAGE el —wam DISC-
260 OUTRUT
LS D FERENTIATING] r f\,
| b i

AMPLIFIER
! i NEG. NPT Ly T e
I ™at Tenuaton) STAGE 25F0
ol P
1S TRRESHOLD
- ADUST

Fig, 5 - Discriminator Block Diagram

Fig, 6 shows the charge sensitivity of the discriminator, Note
that at both maximum and minimum sensitivity the discriminater is
essentially still voltage sensitive down to pulse width of 5 ns.
This test was made with the Hewlett-Packard Pulse 2154 at 100 ke.

300p—

200p=—

i
(=]

(o]
|

3 10 30 100
PULSE WIDTH {ns)

Fig. 6 - Discriminator Charge Sensitivity
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Discriminator (Continued)

Fig, 7 shows the wvariation in delay time of the output signal as
a function of the amount the input signal exceeds the threshold level,
The threshold in this case was adjusted to 0,1 V. The test was made
with the Hewlett-Packard Pulser 2154 at 100 ke and 100 ns wide pulse.

3P
“a
G

2—
]
3
=]
fan]

1=

N | |
0.2 0.4 0.6 0.8 1.0
INPUT AMPLITUDE (V)

Fig, 7 - Delay Time Variation

Scaler Card

A schematic diagram is shown in Fig, 8, Feedback from FF-4 to
the Gate allows for the natural scale of 16 to be converted to a scale
of 10 with a 1-2-4-8 output code., All flip-flops are reset to zero
by a common reset line, Facilities are provided for individually
setting & "1" in each flip~flop.

FF-1 GATE
+12W

Fig. 8 - Scaler Card Schematic Diagram
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Display and Scan Circuits,

Referring to Fig. 4; the Scan Gates are logical "AND" eircuits

and allow for the 4-line BCD code from each decade to be presented,
in turn, to the Nixie Decoder, and also to the Central Console.
Twelve such gates are used, one for each decade.

The Nixie Decoder card decodes the 4-line BCD input to a 10-line

decimal output. Connection is then made to the appropriate Nixie
tube cathode, Selection of a particular Nixie tube is made by gating
the anode through the Nixie Gate card, By the use of diodes in the
10-line output, both odd and even parity check bits are generated on
this card.

Program Card

The routing of the gate pulses is done through a Program Card.

The program card is essentially a 30 x 30 matrix with diodes being
used to route any of the 30 output positions of a Sequence Generator
to any of the 30 program output lines,

Only 12 output positions are needed for decade readout, with two

additional positions to identify the two scalers, This allows {ixed
information such as; day, run number, computer instructions, ete., to
be loaded by means of diodes into the Program card in BCD code and
appear on the print out along with the scaler stored count,

Sequence Generator and Station Contreol,

The source of the gate pulses in the Sequence Generator card

which is & ring counter with 30 positions, Except during remcte read-
out, the Sequence Generator is driven by a 2 kec clock to allow continuous
visual display. The clock signals are generated by the Station Control
card which also contains the logical control circuits used in the
automatic print out of the scaler,

CONTROL CONSOLE (11X1541 P-1)

As a part of the Decade Scaler and Readout System, the Control Console
performs the following functions:

i)

ii)

iii)

controls the scaler visual display.

controls the scaler data accumulation gates, provides for preset
count or preset time operation,

operates through the Station Control card of each scaler to generate
control logic and handle data for automatic scaler readout onto a
Tally Series 420 Tape Perferator and/or an IBM Series 73 Selectric
Typewriter,

Control Logic.

A simplified Control Console block diagram is shown in Fig, 9, The

chronological sequence of events in a normal automatic read-out operation,
in which both a papertape punch and a typewriter are recording is shown
below.
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88T oI TvPE TYPEWRITER
SOLONOID | nee
)

DRIVERS

STROBE TYPE

AauTo

FUNCTIONS

i

BOTH

—————JFEEDBACK Imm 1“
AND
SHAPE

I ADY ANCE

PARITY
GENERATOR 4-msec

PARITY BIT
EXT. PARITY PARITY

i

[ FEEDBACHK
STROBE, DELAY

CHECK
ERROR | CODE

o PARITY
PARITY ALARM | BISTABLE PARITY ALARM

RESET LIGHT

78ITS

o TAPE
BARITY BIT SOLONCID TAPE
\—v——J DRIVERS | > | PUNCH

ERRGR CODE

Fig, 9 - Control Conscle Block Diagram

i) A readout operation can be initiated by depression of a push-
button or application of an electrical pulse (from preset-time
or count operation),

ii) Immediately after the arrival of a Start Readout signal, the
scaler data gates are disabled and the Tape Motor Gate is
enabled,

1ii) After a 0.2 sec delay to allow for the tape-motor starting time,
& start cycle is initiated which causes a typewriter carriage-
return and encodes a "Start Code" on the paper tape.

iv) Upon completion of the start cycle a Print Command is generated
which acts through the Station Control card in the scalers to
disable all scaler scanning circuits, Twenty usec later a
"transfer" signal from the Control Console enables the scanning
circuits of the first scaler, but leaves the internal scanning
oscillator disabled,

v) The information or "character! from the first scanned position
of the first scaler is recorded and an "advance" signal then steps
the scanner to its next position,

vi) When the last character in a scaler station has been inspected,
the scanning circuitry in that station is again disabled and a
transfer signal is passed to the next staticn,

vii) The transfer signal from the last scaler will normally stop the
readout operation,
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A, Control Logic (Continued)

Several options are available for the Stop-Readout cycle. In
each case, completion of this cycle leaves the scaler data gates and
visual scanning enabled and the tape motor turned orf,

i) A tape leader can be generated automatically, the length
determined by a Tape Leader switch,

ii) Scaler dats gates can be enabled automatically at the end ol
the readout operation or left disabled until enabled manually
by depression ol a momentary-on toggle switch., The mode is
selected by a front panel switch.

iii} A safety feature is included which will end the readout
operation if all information lines show logic "O's'" for more
than 10 consecutive readout cycles.

B. Data Handling.

Referring to the block diagram, Fig, 9, the 8 input information
lines are fed through a Buffer Store, inspected by the Parity Control,
and then routed tc the tape-punch and typewriter decoding and driving
block,

The Buffer Store consists of 8 gated flip-flops, which store the
& line input information during a 1 psec interval at the start of each
ecycle, Seven outputs from the Buffer Store are inspected by the Farity
Control which generates a parity bit to be punched on the paper tape,
This parity bit is also compared with an externally generated parity
bit from the scaler. A discrepency will result in the recording of an
Error Code and the lighting of a Parity Alarm light, if the Error Code
switeh is in the ON position.

i failure in the driver circuits of the readout recorder sclonoids
is indicated by the Driver Alarm.

HGJ: DLW:mt
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COUNTING NOTE Jan. 10, 1959
G.C. Cox
GENERATORS OF FAST-RISING ELECTRICAL PULSES

ABSTRACT: Two UCRL mercury-capsule electrical-pulse generators are described which
provide rectangular pulses with & 10 to 90% rise time of less than 5 x 10710 geconds
at a repetition rate of 60 per second, one per second or single pulse.

The first generator Fig. 3, called the "Black Box Mercury Pulsexr", Dwg. No. kv 4333,
hes been in use at UCRL since 1955.1 It has been re-packaged, resulting in Model

1X 6693, Fig. 2. This second version conveniently mounts in the Tektronix 517 "scope”
cart, and is available with an output impedance of 52 olms or 125 olms. Thege pulse
generators are useful in messurements of transient response in the 109 second re-
glon.

CHARACTERISTICS COMMON TO BOTH GENERATORS: Rectangular pulses of either polarity
with & rise time of less than 5 x 1010 geconds are generated by closing the con-
tacts of a mercury-capsule switch,a connecting the center cgnductors of two coaxial
transmission lines which are charged to different voltages.” One, called the charg-
ing line, which has an impedance of 52 ohms, 1s usually & length of RC-8/U. The
center conductor of the charging line returns to & voltage source through & 51K ohm
charging resistor. When the switch closes, a phlse is obtained across the termin-
ated output whose width iz twice the transit time of the charging line. The pulse
amplitude i1s one half the voltage that is across the switch prior to closing.

The generators have & charging voltage supply which ie adjustable from zero to 200V,
thus the pulse amplitude is adjustable from zero to 100V. The pulse amplitude is
correctly indicated by the dial setting if the output is temminated. If the output
lines are not terminated, the output pulse emplitude then does not agree with the
dial setting.

The pulse width depends upon the length of cable connected to the "Charging Line"
connector. The minimum pulse width obtainable is determined by the transit time
of charging line included internally between the ewitch contacts and the "charging
1ine" conmector. This is 0.19 millimicroseconds for the "Black Box Pulser" end
0.245 millimicrseconds for 1X 6693. Thus the pulse width is 2 (L + 0.19) millimi~
croseconds and 2 {L + 0.245) millimicroseconds for the two pulsers respectiveky,
where L is the transit time of the charging ceble used, in millimicroseconds.

For long pulses, i.e., a microsecond or more, the charging line voltage, which
rises on an RC time constant equal to 51K X the charging line capacitance, may
reach significantly less than the supply voltage. In this case, the actual pulse
height will be somewhat below that indicated on the dial. The differmnce depends
on the "open time" of the mercury switch: "Open times" for the two types of
pulsers and for the verious rep. rates are given in Table I.

1. Vval Fish, Jr., A Coaxial Mercury Relay for Fast Pulse Generation, UCRL 3062,
July 1955.

2. C.P. Clare and Co., Type RP-5480 (same as used in Clare Type HG 1003 relays).

3. Lewis and Wells, Millimicrosecond Pulse Techniques, McGraw-Hill Co., 195k,
Page 100.

4. Counting Note, File No. CC5-6, Page 2.
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TABLE I

CPEN TIMES - Length of time available for re-charging the charging line preceding
gach pulse.

60_Per Second 1 Per Second Single Pulse

"Black Box Pulser 10 Milliseconds 40 Milliseconds Open Until The
Button is Pressed

Pulser 1X 6693 5 Milliseconds 2 Milliseconds 2 Milliseconds

——
—

A trigger output is available which is isolated from the main coaxial path snd is
sufficiently energetic to trigger the sweep circuits of the Tektronix 517. See
Fig. 4 and 5.

Fig. 6 shows the output of & mercury capsule pulse generator comnected to the
vertical plates of the S5XPll CRT. This CRT limits the rise time to about one
millimicrosecond; alsc, the pulse has traveled through about 100 millimicroseconds
(65 ft.) of RGB/U, slowing the rise and causing the top of the pulse to slope
which would otherwise be "flat-topped". This length is used to give the sweep cir-
cuits of the 517 "scope", time to start the trace.

The generators operate in an upright position. If tilted sufficiently, the switch
becomes bridged by the contalned mercury.

MODEL 1X 6693: The pulse generator Model 1X 6693, Fig. 1 and 2, has four features
not found in the "Black Box Mercury Pulse Generator”.

{1) With the case removed as seen in Fig. 2, the instrument will mount in the
Tektronix "Scope Mobile" which carries the 517 oscilloscope.

(2) The pulse amplitude control has been decaded to allow vernier control of the
lower pulse heights.

(3) The capsule enclosure has been redesigned. Two enclosures are available,
with 52 ohm or 125 ohm outputs, Fig. 1 and 2 respectively. They are interchange-
gbls. Fig. 2 shows the 125 ohm pulser with an extra capsule enclosure. There are
two 125 oklm outputs. If only one output is needed the other should be terminated
to absorb the pulse energy which goes down the unused cosxial path.

(L) The mercury capsule switch utilizes the "normally closed" set of contacts.
Thus a cycle of operstion starts with the contacts closed. The contacts open
after current flows in the driving coil, during which time the charging line volf-
aga builds up. The contacts then close, producing the output pulse. When the
generator is used in "single pulse"” operation the normally closed condition re-
sults in a newly-generated mercury surface on the contacts just prior to closing,
hence, a more repeatable output pulse, regerdless of the time between pulses.

5. Counting Note, File No. CC2-1.



Fig. 1 Model 1X6693 with 52 ohm Fig., 2 Model 1X6693 with 125 ohm
output, output and an extra capsule enclosure

Fig. 3 "Black Box Mercury Pulser”

A~ Charging cable connector
B- Qutput

C~ Trigger output
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File No, CCLO-1 (i)

Fig. 4 52 ohm capsule enclosure for Model 1X64693,
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Charging cable
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Dwg. no. i
1X6693 @ MR
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—V
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|
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Fig. 5 125 ohm capsule enclosure for Model 1X6693.
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Sweep Speed Leagth of RG8/U
: charging cable
used,
10 musec,/cm. 6 inches
10 musec,/cm, 30 inches
20 musec./cm, 27 feet

Fig. 6 Waveforms from a "Mercury Capsule Pulse Generator!,
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File No. CC 9-11 (1)
February 15, 1966
H. G. Jackson

Lawrence Radistion Laboratory, University of Caelifornia, Berkeley

COUNTING NOTE

100-MHz DECADE SCALER - 18X1101 P-2

SUMMARY

A 100~MHz Decade Scaler has been packaged in a Nuclear Insftrument
Mcodule, A Size 1X (1.35 x 8.75" panel) is used. Visual readout is by
1-2-4-8 incandescent lights. Electrical readout is also made available
in the 1-2-4-8 BCD., The input is 50 £, and the carry output is at 125 Q.
It has been shaped for feeding directly to the 10-MHz Decade 11¥1081 P-3.

Fig. 1 - Front Panel View of Scaler
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SPECIFICATICNS
Input
Min. Amplitude =200 mV (internally adjustable to ~500 mv),
Min. Width 2 ns.
Impedance 50qfl,
Max, Repetition Rate 10~ pulses/sec.
Qutput
Amplitude +3.5 V into 125 2 (+7 into open circuit).
Width 20 ns (risetime <10 ns),
Visual Readout filamentary lamps {1-2-4-8). 1
Electrical Readcut 1-2-4-8 BCD, at standard 4 V logic level.
"1" pin 20, """ pin 22,
""" pin 21, "g" pin 23.
Reset to Zero manual by front panel push-button. 1
electrical a) at standard 4 V logic level,
pin 35.

b) by grounding line, pin 37.
Pewer Required
12 V 160 mA pin 16,
-2L4 v 160 mA  pin 29.
Ground pin 3k,

CIRCUIT DESCRIPIICN

A simplified schematic diagram is shown in Fig. 2. A simple dc-coupled
amplitude discriminator at the input allows for maximum sensitivity and still
discriminates against noise, It also allows for pulse shaping independent of
input pulse shape. Following the tunnel-diode discriminator the pulse is
shaped, amplified and fed to the first binary.

The binary circuit follows the design of V. Radeka.2 A tunnel diode is
used to switch the common-base transistors on and off. Steering diodes at the
input obtain their bias from the transistor collectors. The fast-carry output
from the binary is shaped and amplified before being fed to the second binary
which is similar to the first. A slow output is also taken from each binary
to drive the indicating light and the electrical readout lines.

The decade output is from a blocking-oscillator circuit triggered by the
fourth binary.

lSee ¢C 5-9 for logic voltage levels.

V-

Radeka. A Tunnel Diode and Common-Base Transistor Complementary Bistable.,

Nuclear Inst. Method §_123.

HGJ /mlr
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Law-~ence Radiation Laboratory, University of Californisa. Berkeley File No. CClC-3
Page 1
COUNTING NOTE December 24, 1958
M. Nakamura
NANOSECQND PULSE GEWERATOR

ABSTRACT: The Nanosecond Pulse Generator is an instrument designed primarily for
testing counting equipment. Egiipment requiring narrow input pulses of fast rise
time gt high repetition rates may be tested with this generator. Three output
channels (coincident in time) are available. The output pulses are negetive in
polarity, O - 12 volts amplituds with a rise time of less than 2.5 nanoseconds,
(;1.0"’9 seconds) and pulse widths adjustable from 2.5 to 25 nanoseconds. The gen-
erator output may be comtrolled by single pulse operation, an external source, or
by means of an internal generator. The internal generator is capable of repe-
tition rates of 10 cps to 10 Mc. Provisions for gating the instrument allow
bursts of pulses simulating operation with pulsed mcceisrators. Its high repe-
tition rate capabilities make the instrument uszful for checking equipment for
such items as repetition rate sensitivity, base line shift, and pile up.

SPECIFICATIONS:
Repetition rate
Internal 10 cps to 10 Mc
External 10cpe to 10 Mc {sine wave Input)
¢ to 107 pulses per sec
(pulse input)
Rise time: . less than 2.5 nanoseconds

Output pulse into terminated 125 ohm cable (3 channels independently adjustzble
for the following):

Negative output pulse: ¢ to 12 volts
Pulse widths (by external clipping iines)} 2.5 1o 25 nanoseconds
Trigger output: 20 velts positive, 50 nano-

geconds wide

Gate Input (gated operation) 0 volt to close gate;, +20
volt to open gate.

External drive input: Positive pulse greater than
5 volts. Sine wave input,
see Fig. 1.

Power requirements: 117 volts ac, approximately
200 watts

Weight: Approximately 40 1bs.
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Fig. 1 - External Drive Input Requirements for Sine-Wave Input Signal Vs.
Frequency.

Fig. 2- Pulge Generator
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OPERATING INSTRUCTIONS: The Nanoscscond Pulse Generator is equipped with both en
AC and a DC power switch. When the generator is not in lmmediate use, the ac
power mgy be left on to meintain the filsments at operating temperature. See

Fig. 2.
The functions of the controls and connectors is explained below;

Frequency: The coarse frequency is selected by a T position switch on which the
lower frequency limit is indicated. The uncalibrated fine frequency control mul~-
tiplied by this lower frequency limit gives the approximate repetition rate of the
internal generator. The fine frequency control gives an over-lapping frequency
control over the six decade positions on the coarse freguency range switch. When
the coarse freguency control is in the "Ext./S.P." position, the output pulse 1is
controlled by either the Single Pulse push button or the External Drive Input Sig-
nal.

Single Pulse: This push button allows single pulse operation when the cosrse fre-
quency range switch is in the "Ex%./S.P." position.

External Drive Input: When the coarse frequency range switch is in the "Ext,/S.P.“
positdon, positive pulses of at least 5 volte amplitude will trigger the instrument
at any repetition rate up to 10 Mc. If sine wave input is used for the external
drive input signal, the input amplitude required to trigger the instrument will
vary as indicated In Fig. 1.

Positive Trigger Output: A positive 20 volt pulse, 50 nancseconds wide precedes
the output pulse by approximately 1C nanoseconds for initiating timing or trigger-
ing an coscilloscope.

Gate - Ungated Switch: In the "ungated”™ position, the gate allows all pulses
{external, single pulse, and internal) through. In the "gated" position a posi-
tive 20 vol+t signal at the "Gate Input" connector is required to open the gate
allowing pulses through. A gate signal of O volt will close the gate.

Gate Input: In the "geted" positlon a positive 20 volt signal will open the gate

and allowrpulses through. A gate signal of O volt will close the gate. Because

the input signal is direct-coupled to the gate, the length of the gate aignal may

be any desired length. There is no provision within the instrument to synchronize
the gate signal with the intermal generator. Turn-on and turn-off times of the

gate are less than 0.1 microsecond for a step function input. Fig. 3 shows some

10 Mc bursts of pulses obtaingble when the gating feature is used in conjunction with
the internal generator.

Qutputs: Three outputs are available based on the same source but independently
variable in pulse amplitude and pulse width. The pulse width is controlled by ex-
ternal clipping at the reer of the instrument.. The output amplitudes are controlled
at the front panel. The output pulse rige time is less than 2.5 nanoseconds and
pulse widths are adjustable from 2.5 to 25 nanoseconds. The output pulse is vari-
able from O to 12 volts negative when terminated into 125 olm cable. Because of

the use of clipping lines (or shorting stubs) to control the output pulse widths,
there is no reverse terminating resistor; therefore, it is mandatory that the load
present a constant 125 ohm impedance to the generstor if spurious signals caused

by reflectipns are to be eliminated. '
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Output Amplitide: These controls adjust the output amplitude of each of the three
output channels independently from O to 12 volts negative when temminated in 125
ohms. Fig. 4 shows the range of output amplitudes available,

Shorting Stubs (at rear of instrument): The output pulse widths of the three out-
put channels are controlled independently by the insertion of the proper length or
shorting stub (or clipping line) in each of the three channels. The shorting
stub must be 125 ohm cable, such as RG63/U. The output pulse width may be deter-
nined by calculating the double transit time for signals in the cable. The aver-
age velocity of propagation in RG63fU is $.9 inches per nanosecond. Fig. 5 shows
the range in pulse widths available.

(B)

Fig. 3 - Bursts of 10 Mc pulses obtained when gating feature is used (vertical
sensitivity = 16 v/cm; horizontal sweep = C.25 usec/cm)

: lli!lﬁlll!i.lll'il'!iiii

i

Fig. b - OQutput pulse amplitude varia- Fig. 5 ~ Output pulse width var-
tions using multiple exposures. iations using multiplie
(Vertical sensitivity = 16 v/cm, exposures. (vertical sen-
horizontal sweep = 5 nsec/cm) gitivity = 16 v/em; hori-

zontal sweep = 5 nsec/cm)

CIRCUIT DESCRIPTION: A simplified Ylock diagram of the instrument is shown in Fig.
6. The tubes asscciated with each function are indicsted. ‘The power supply in the
instrument is omitted from the block diagram for simplicity. The schematic cir-
cult diagram number 3X 2214 may be referred to TFor more detail. :

The Single Pulse and External Drive Input gignals trigger a Square Wave Cenerator
(V1, V2 and V3A) when the coarse frequency range switch is in the "Ext./S.P."
position. In this switch position the Square Wave Generator is & monostaeble multi-
vibrator whose pulse width and freguency are determined by the External Drive Input
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signal or Single Pulse. The External Drive Input may be either positive pulses

or sine wave signals. The triggering level of the monostable multivibrator varies
with sine wave ipput signal frequency. Fig. 1 shows the triggering level required
as & function of the frequency of the sine wave input. Input pulse requirement is
a positive pulse greater than 5 volts.

In the remaining six positions of the coarse frequency range switch, the Square
Wave Generator is an astable multivibrator whose coarse frequency is determined
by RC timing networks. The fine frequency adjustment returns the grid resistor
to a variable potential that controls the frequency over a 10 to 1 range for
any selected coarse frequency range switich position.

The Gate {V3B) employs a cathode follower coupling the differentiated signal from
the Square Wave Generator to the first amplifier V4. When the Gate switch 18 in
the "ungated" position, the cathode follower bilases V4 just beyond cut-off. 1In
this "ungated" position the signals from the Square Wave Generator are sufficlient
to bring V4 into conduction, When the Gate switch is in the "gated" position, Vi
is biased well beyond cut-off and signals from the Square Wave Generator are insuf-
ficient to bring the grid of V4 into conduction, 4 positive 20 volt signal to the
Gate (V3B) is required to bring the grid of V4 to a bias level such that signals
from the Square Wave Generator are sufficient to bring V4 into conduction.

The amplifiers V5 through V7 are each blased beyond cut-off and are driven into
conduction by the signal. Signal inversion between amplifier gstages 18 accomplished
by pulse transformers. The signal drives each amplifier stage into conduction

from cut-off, progressively steepening the rise time of the signal.

The "Positive Trigger Output® signal is taken from the grid of V5 and isolated
from the amplifier stages by V14 which is an output pulse amplifier with pulse
transformer output.

Output amplifiers V9, V11, and V13 are fed from the same source and driven into
conduction from cut-off. The output amplitude of each amplifier is determined by
its plate and screen voltages. Tubes V8, V10 and V12 are cathode followers that
control the plate and screen voliages of V9, V11, and V13, respectively. The po-
tentials of the cathode follower are controlled by the potentiometer settlngs ad-
justable at the front panel, These potentiometer controls are labelled "Amplitude"

for the respective output channels.

The output pulse widths are determined by the length of 125 ohm cable inserted
between PG-8 and -11; PG=9 and -12; and PG=10 and -13 for output channels 1, 2, and
3 respectively. If RG63/U is used for the shorting stub (or clipping line), the
output pulse width will be equal to

PW, = 2L / 9.9
where P,¥, = the output pulse width in nanoseconds,
L = the length of the shorting stub in inches measured from external ends
of connectors,
9.9 = the average velocity of signal propagation in RG63/U in inches per

nanosecond.
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The output pulse must be terminated in 125 olm cable if spurious signals caused
by reflections in the output system are to be eliminated. These reflections could
be serious where systems employ aemplifiers and limiters in which the reflected
signal may cause undesired operation.

SUMMARY: The Nenosecond Pulse Generator is an instrument designed primarily for
testing counting equipment such as scalers, discriminators, coincidence units, and
entire systems employing various pieces of counting equipment. The three-channel
output of the instrument with variable repetition rate, independently adjustable
output widths and amplitude, coupled with a gating feature make the instrument
useful for simuleting signals from experimental set-ups with pulsed accelerators.
The narrow pulses with fast rise times simulate signals cbtained from photomul-
tiplier tubes. The specifications of the instrument will suggest many other uses
for the instrmment.

Inverting and coupling transfomers described in CC2-4 may be used in conjunction
with the generator to obtain positive pulses and to couple the signal from the gen-
erator into systems employing other lmpedance levels.

REFERENCE: UCRL Drawing 3X 221L.
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Lawrence Radistion Laboratory, University of California, Berkeley File No. CCl0-k4

Page 1
March 15, 1961
COUNTING NOTE Designed by
M. Nskamurs
GATED PULSE GENERATOR Note by T. Lawson

Fig. 1 - Gated Pulse Generator

ABSTRACT: The Gated Pulse Generator is designed primarily for testing counting
equipment. Its high repetition rate makes it useful for checking equipment for
such things as repetition-rate sensitivity, base-line shift, and pile up. Internal
or external gating provide bursts of pulses simulating operation with pulsed ac-
celerators. The instrument includes the following features:

1) An output-pulse generator with & frequency range from 10 cps to 10 Me.
2) A gate generator with a freguency range from .1 to 100 cps.

3) Single pulsing of either of these two generators.

%) External drive of the output-pulse generator.

5) A fast output, positive or negative, with a rise time of 25 to 50 ns.
6) A slow output, positive or negative, with a rise time of .6 us.

7) A variable amplitude control for the fast and slow outputs.

8) variable pulse-width controls for the output pulse and for the gate pulse.
9) Internal or external gating of the output pulse.

10) Selection of either on-gate or off-gate operation.

11) Internal gate output for gating other eguipment.

12) Positive trigger output.

(
(
(
(
(
(
(
(
(
(
(
(

SPECTFICATIONS:

Qutput-pulse generator:
Frequency: 10 cps to 10 Mc.
Fast output: . '

Amplitude, no load, 1 Mc: #* 16V, .5 us wide.

10 Mc: + 16V {17V pesk-to-peak), 50 ns wide.
10V (12V peak-to-peak), 50 ns wide.
125 ohm load, 1 Mc: + 8V, .5 us wide.

- 6V, .5 us wide.
10 Me: + 6V (8V peak-to-peak), 50 ns wide.
- kv (6V peak-to-peak), 50 ns wide.
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Rise time, positive output: 25 ns.
negative output: 50 ns.
Width: 50 ns to 50 us.

Slow output:
Amplitude, no load, 10 Kc: + W4V, 3 us wide.
- 38V, 3 ps wide.
100 Ke: + 47V (56V peak-to-pesk), 3 us wide, down 40% at
500 Ke.
- 4ov (47V peak-to-peak), 3 us wide, dowmn 50% at
500 Ke.
125 olm load, 10 Ke: + 18V, 3 ups wide.
- 5V, 3 us wide.
100 Ke: + 14v (16V peak-to-peak), 2.5 pus wide, down
50% at 500 Kec.
5V (7V pesk-to-peak), 3.5 us wide, down
60% at 500 Kc.

Rise time, positive or negative output: .6 us.
Width: Useful range from 1 to 50 us.

Internal-gate output:
Frequency: .1 to 100 cps.
Width: 10 ps to 100 ms.
Rige time: .15 us.
Fall time: .4 ps.
DC levels: Gate on: + 20 volts.
Gate off: zero volts.
"+" gate: + 20 volts during gate pulse.
"-" gate: zero volte during gate pulse.
Duty factor: 80%.

External-gate input:
Amplitude: + 18 volts minimum to turn on gate.
Turn-on and turn-~off time: .2 us.

External-drive input: Same as Nanosecond Pulsge Generator, Counting Note CC1l0-3.

Trigger output: Positive, 50 ns wide. Amplitude: 15 volts at 100 Ke; down 50% at
1 Mec.

Power requirements: 117 volts ac; approximately 220 watts.

Weight: Approximately 30 lbs.

OPERATING IV3TRUCTIONS: The (Gated Pulse Generator is equipped with both an ac and
dc power switch. When the generator is not in immediate use, the ac power may be
left on to maintain the filaments at operating temperature.

The functions of the controls and connectors are explained below. Refer to the
photograph of the instrument panel, Fig. 1.
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Output-Pulse Frequency (Fast Output or Slow Qutput): The coarse frequency is
selected in six ranges, each of which indicates its lower-frequency limit: X 10
cycles, X 100 cycles, X 1 Ke, X 10 Ke, X 100 Ke, and X 1 Mc. The reading on an un-
calibrated fine-freguency control, numbered from 1 to 10, is multiplied by this
lower-freguency limit to give the spproximate repetition rate of the internal gen-
erator. The fine-frequency control gives an overlapping frequency control over the
8ix decade positions on the coarse-frequency switch. When the coarse-freguency
control is in the “Ext/SP" position, the output pulse 1s controlled by either the
single~pulse push button or the External-Drive Input signal.

Qutput-Pulse Width (Fast Output or Slow Qutput): The coarse pulse-width 1s selected
In three ranges: 50 to 500 ns, .5 to 5 us, and 5 to 50 us. An overlapping control
of these ranges is gilven by an uncelibrated fine pulse-width controcl. Whenever the
Slow Output is used, it is necessary to select the wider pulse-widths, on account of
the slower yise time of the pulse.

Output Pulse Amplitude (Fast Output or Slow Output): This uncalibrated control varies
‘the amplitude of both the fast and slow output pulses from zero to maximum.

Output-Pulse Polarity (Fast Output or Slow Output): Positive or negative polarity of
the cutput pulse may be selected with this two-position switch.

Fast Output: This output provides & pulse with a rise time of 25 ns for a positive
pulse and 50 ne for a negative pulse. In Fig. 2(A) and Fig. 2(B) multiple exposures
show the maximum pulse amplitudes with positive and negative output; and with no load
(the larger amplitude) and 125 ohm load (the smaller amplitude). The zero-volt base
line indicates the amount of base-line shift. At 1 Mc the output-pulse width control
is arbitrarily set for a pulse width of approximately .5 pus with no load. It remains
at this setting with 125 olm load. At 10 Mc the width control is at its minimum

setting (50 ns).

Slow Output: This output provides a pulse with a rise time of approximately .6 ue,
positive or negative. In Fig. 2(C) and Fig. 2(D) multiple exposures show the maxi-
mun pulse amplitudes with positive and negative output; and with no load (the lar-
ger amplitude) and 125 ohm load (the smeller amplitude). The zero-volt base line
indicates the amount of base-line shift. At each freguency, 10 Ke and 100 Kec, the
output-pulse width control is arbitrarily set for & pulse width of a.pprox:lma.tely 3
ps with no load. It remains at this setting with 125 ohm load.

Internal-Gate Frequency: The coarse frequency 1s selected in three ranges: .1 to
1 cpe; 1 to 10 cps, and 10 to 100 cpe. An overlapping control of these ranges is
given by an uncalibrated fine-frequency control. When the coarse-frequency control
iz in the single-pulise position, the gate pulse 13 controlled by the single-pulse
push button.

Internal-Gate Width: The coarse internal-gate width is selected in four ranges:
10 to 100 ps, .1 to 1l me, 1 to 10 ms, and 10 to 100 ms. An overlapping control of
these ranges is given by an uncalibrated fine gate-width control.

Single Pulse: Each of two push butions, one for the output-pulse generator, and
the other for the internal-gate generator, allow single~pulse operation when the
corresponding coarse-fregquency range switch is in the single-pulse pogition.
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Gate-Function Switch: When the gate is "on", it pemmits pulses to pass through
from the output-pulse generator to the output cireuit. When it is "off", it blocks
these pulses. When the Gate-Function Switch is in the "Internal Gate" position, the
width and repetition rate of the gate pulse are determined by the settings of the
internal-gate width and frequency controls. When the Function Switch is in the
"Ungated" position, the gate allows all pulses to pass through. In the "External
Gate" position, a positive pulse of 18 volts minimun at the External-Gate Input
connector is required to turn on the gate.

Gate-Polarity Switch: On-gate or off-gate operation may be selected with this two-
position switch. 1In the "+" position, the gate is on during the gate pulse. In
the "~-" position, the gate is off during the gate pulse.

Internal-Gate Out: This connector provides a gate pulse from the internal-gate gen-
erator for gating other eguipment. When the gate is on, the dc level is positive

20 volts. When the gate is off, the dc level is zero wolts. When the Gate-Polarity
Switch is in the "4+" position, the dc level is positive 20 volts during the gate
pulse. When the Gate-Polarity Switch is in the "-" position, the dc level is zero
volts during the gate pulse.

External-Gate In: In the "External Gate" position of the Gate-Function Switch, a
positive pulse of 18 volts minimum at this connector will turn on the gate. Because
‘the input signal is direct coupled to the gate, the length of the gate signal may be
any desired length. There is no provision within the instrument for synchronizing
the gate signal with the internmal owutput-pulse generator. Twrn-on and turn-~-off times
of the gate are approximately .2 us for a step-funection Input.

Externsl-Drive In: A positive signal at this connector will trigger the output-pulse
generator when the output~pulse coarse-frequency range switch is in the "Ext/SP"
position. Specifications for this input are the same as for the Narosecond Pulse
Generator in Counting Note CClO-3.

Pogitlve-Trigger Out: This output provides & positive pulse for initiating timing
or triggering an oscilloscope. Ite amplitude is positive 15 wvolts at 100 Kc; down
50% at 1 Mc. Its width is 50 ns. It precedes the output pulse by 30 ns at the
lowest frequency and by 10 ns at the highest frequency.

CIRCUIT DESCRIPTION: See Fig. 3 and Pig. 4 for a schematic circuit diagram. The
power supply and some detaiis have been omitted for simplicity. For the completfe
schematic circuit disgrem, refer to print mmber 3X 589k.

The single-pulse and extermal-drive signals trigger & square-wave generator (V1 and
V2) when the output-pulse coarse-frequency range switeh is in the "Ext/SP™ position.
In this position the square-wave generator is a monostable multivibrator, whose
pulse width and frequency are detemmined by the External-Drive Input, or single-
pulse signal. In the remaining six positions of the coarse-frequency range switch,
the aquare-wave generator is an astable multivibrator, whose coarse frequency is
determined by the RC timing network. The fine-~frequency adjustment returns the
grid resistor to a variable potential that controls the frequency over a 10 to 1
renge for any pogition of the coarse-freguency range switch.
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(A) Fast output at 1 Mc. (B) Fast output at 10 Me.
Top: positive cutput. Top: positive outpub.
Bottom: negative output. BQt?om: gegative output.
(Vertical sensitivity = Minimum width control
10 volts/cm; horizontal ' setting. (Vertical sensi-
sweep = .l psec/cm). tivity = 5 volts/cm; hori-

zontal sweep = .1 psec/cm).

(c) Slow output at 10 Kc. (D) Slow output at 100 Kc.
Top: positive output. Top: positive output.
Bottom: negative output. Bottom: negative output.
(Vertical sensitivity = (Vertical sensitivity =
20 volts/cm; horizontal 20 volts/cm; horizontal
sweep = .5 usec/cm), sweep = .5 usec/cm).

Fig. 2 ~ Qutput pulses. In each photograph, muliiple
exposures superimpose the following three
conditions: no load (the larger amplitude),
125 ohm load (the smaller amplitude), and the
zero-volt base line.
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Similarly, the internal-gate generator (V14) is a monostable multivibrator in the
single-pulse pogition. Otherwise, it is an astable multivibrator. This generator
triggers a monostable multivibrator which determines the gate-pulse width. On-gate
or off-gate operation is selected after the phase inverter (V3), and the signal is
passed on to a cathode follower output (V12).

The differentiated output of the square-~wave generator is applied to the gate circuit
(Vhk and transistor 2Nu47). When the Gate-Function Switch is in the "Ungated" position,
the base of the NPN transistor is returned to the collector and to a positive vol-
tage. The transistor turns on and allows V4 to conduct. In this state the gate is
turned on. When the Gate-Function Switch is in either the "Internal Gate" or "Ex-
ternal Gate" positions, the transistor is biased beyond cutoff by a fixed negative
bias. The gate, then, is turned off. A positive gate signal from the internal-gate
generator, or from an external source, will overcome this blas and turn on the tran-
sistor and the gate.

The positive-trigger pulse is lsolated and shaped by the clrcuit of V5.

The output-pulse width control (V6 and V7) is a monostable multivibrator which is
triggered by the pulses passing through the gate from the output-pulse generator.

Control of the output-pulse amplitude is achieved in the cathode of V9.

The pclarity of the output pulse is selected after phase inverter V8, and the sig-
nal is passed to both the fast output circuit (V10 and V10.1) and to the slow out-
put etage, where it is first amplified (V1l) and then coupled to cathode-follower V2¢

REFERENCES :

1. UCRL Drawing 3X 5894.

2. UCRL Counting Handbook, Counting Note CCLlO-3.

3. Personnel at UCRL, Berkeley Site, familiar with this wnit: J. Hazelwood
{Counting Group).
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COUNTING NOTE June 20, 1962
Mel Brown
DEL~A-GATE

ABSTRACT: The Del-a-gate is a solid-state variable delay and gate unit. It
consiasts of an amplitude discriminator, delay multivibrator and a gate multi-
vibrator., When an input signal exceeds the threshold of the discriminater,
the delay multivibrator is initiated. At the termination of the delay pulse,
a gate pulse ls generated. The discriminator, delay and gate circults are
all continuously adjustable.

Special features of this unit include; 1) a tunnel-diode discriminator; 2)
5 Mc repstition rate: 3) 50% output duty factor; and 4) 10 nanosec rise
and fall time output pulses.

Fig. 1. Front Panel of Del-a-gate

I. INPUT SPECIFICATIONS
1. Polarity: Positive
2. Input Impedance 1K
3. Threshold
a) Range: 0.3V to 6 V, adjustable
b) Temp Coeff: Leas than 0.5%/°C at all settings

¢) Shift with duty factor (DF): Proportional to DF up to 20% DF
d) Linearity: 1% max deviation from each point on a straight
line from 0.3 V to 6,0 V, provided input pulse
rise time is slower than 20 nanosec and width
(FWHM) is greater than 40 nanosec
4. Max Rep Rate: 5 Mc

5. Max Permissible Input Amplitude: 25 V
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II., OUTPUT SPECIFICATIONS

1., Polarities: Pos and Neg simultaneously
2. Amplitude: 6 V open circuit
: 3 V into 50 ohms
3. Output Impedance 50 ohnms
4. Rise anf Fall Time: 10 nanosec when terminated in 50 ohms
5. Delay: 40 nanosec - 100 usec, continuously adjustable.
Also zero delay position.
6. Gate: 40 nanosec - 100 ,sec, continuously adjustable
7. Duty Factor: 50% max {delay and gate multivibrators)
8. Jitter: Less than 0,1%
ITI. POWER

1. 105 - 125 VAC, 25 watts
IV, OPERATING INSTRUCTIONS

1, Input: The input impedance is set at 1 K ohms to avoid loading the input
pulses. However, if the input rise time is less than 100 nanosec, reflections may
oceur and it may be necessary to terminate with a lower impedance.

The input is capacitively coupled so there will be a base line shift and change
of threshold with increasing duty factor. The change of threshold, in percent,
is proportional to duty factor up to 20%, beyond which the threshold changes more
rapidly.

2, Discriminator helipot: The helipot is calibrated in O - 10 major divisions.
The O position corresponds to 0,3 v threshold, the 10 position to 6 v threshold.
A calibration chart may easily be made to translate helipot settings into volts,
The accuracy of the 0.3 v and & v limits should not be considered better than + 5%,
unless checked.

3. Controls: The COARSE delay and gate dlals are marked to correspond to the
approximate center of the range. The FINE controls provide continuous adjustment
and overlap.

L. Delay monitor: A front panel delay MONITOR connector permits observation
or use of the delay one-shot multivibrator waveform without interfering with the
circuit timing. Its output impedance is 50 ohms.

5, Output connectors: To obtain clean 3 v pulses, with 10 nanosec rise and
fall times, it is necessary to use 50 ohm cable from the output comnectors and ter-
minate them in 50 chms.

With unterminated outputs, the unit will supply & v pulses. The rise time will
still be 10 nanosec; however there will be about 15% overshoot, and a fall time of
about 70 nanosec, depending on the cable capacitance.
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V. CIRCULIT DESCRIPTION

The block diagram and associated waveforms of the Del-a-gate are shown in Fig. 2.

DELAY GATE | gURRg“J
b DISC. - — ) ] SWITZ
\{\ ONE -SHOT ONE-SHOT it FoL e

INPUT | @
PCsS

1~ THRESHOLD SETTING

leUT ’,/ @\ B
DISC. OUTINS

DELAY 0.5. | @

GATE O.5.

QUTPUTS

®
®

Fig. 2. Block diagram and waveforms of Del-a-gate

The amplitude sensing device is a tunnel diode (TD) which is normally biased in
its low-voltage state. The blas current in the TD is adjusted by the front panel
helipot DISCRIMINATOR. The TD stays in its high voltage state as long as the input
signal stays above its thresheld, and then returns to its low voltage state. The
switching waveform is amplified and shaped and appears at the output of the discriminator
a8 Waveform 2.

Waveform 2 initiates a delay whose lengith is controlled by the {ront panel DELAY
controls, The delay pulse iz shown in Waveform 3. The trailing edge of the delay is
differentiated and triggers a gate. The width of the gate is adjusted by front panel
GATE controls, and it appears as Waveform 4.

Waveform 4 triggers a current switch which has complementary outputs. The two
outputs are directed into separate emitter followers and then to the output connectors.
These are shown in Waveforms 5 and 6.



REFERENCES:

10

DEL-A-GATE SCHEMATICS

a)
b)
¢)
d)
e)
£)

g)

Front Panel 4X5403
Power Regulator 4X5412
Timing Circuits 4X5424
Discriminator AX5433
Assembly 4X6184

Block Diagram 5X4051

Check-Out Information 5X4041
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January 13, 1964
H. G. Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

DELAY GATE - 11X2461 P-1

SUMMARY

This unit is useful for generating delay or gate sigrals using standard
4 V logic levels. It takes the form of a multivibrator with complementary
inputs and outputs. 4 selector switch allows the multivibrator to be oper-
ated in the bistable mode; or one of six monostable positicns covering the
range 1 ps to 1 s in decade steps. Fine control of the pulse width is
obtained from a potentiometer mounted concentric with the selection switch.

Dual "OR" inputs are provided on both the SET and RESET inputs, The
multivibrator may also be manually SET or RESET by means of a push-button.
4 light indicates when the multivibrator is in the 3ET position, A toggle
switch is provided to inhibit signals into the wunit; in the OFF position the
multivibrator is automatically RESET,

The unit 1s packaged in a shielded nanobox. A size 4X box (3 x 5-1/4"
panel) is used.

" DELAY GaTE

W

CIAPLEOP - -

Fig. 1 - Delay Gate =-- Front View

See 0C 5-9 for logic voltage levels,



I1. SPECIFICATIONS

Input
Impedance 1K@
Lt Level +4 V
Y Level -1V
Min, Width 30 ns

Max, duty cycle 90 %

Delay/Gate Widths

Bistable
1l pus - 10 pus
10 ps - 100 pus
100 ps - 1 ms
1l ms 10 ms
10 ms 100 ms
100 ms - 1 8

Power Required

+12 V 70 mA (120 mA max,)
-12 V 20 mA
Ground

HGJ:mt

cC 10-6 (2)

Qutput
Impedance < 50 © (50 mA max.)
" " 4 V
non -1V
Delay < 15 ns

Rise-time < 15 ns for step input

pin 10,

pin 21,
pin 1.
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File No. CC 10-7 (1)

January 14, 1964

H. G. Jackson
Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

RELAY DRIVER - 11X2431 P-1

SUMMARY

A bistable circuit is used to operate a mercury-wetted contact relay
in two modes:

1. The relay is energized by application of a standard +4 V logic
levell to the SET input., The relay will stay energized until the
bistable eircuit is reset by a +4 V logic level at the RESET input.

2. The relay can also be energized by applying a +4 V logic level at
the INPUT. Here the relay will stay energized only during the
interval of time that the "L" input is present.

The relay contacts {SPDT) are brought to the front panel and also to
the rear connector,

The relay contacts should be protected in accordance with the chart
shown in Fig., 2, Information from C. P, Clare Co,, Catalog 201-A, The
maximum contact rating is 2 A or 500 V,

The unit is packaged in a shielded nancbox, A size 3X box (2-1/4 x
5-1/4" panel) is used.

Fig. 1 - Relay Driver -— Front View

See CC 5-9 for logic voltage levels.



II, SPECIFICATIONS

Input

Impedance
m " Level
""" Level
Min, width
Max, rate
Relay Contacts

Power Reguired

+12 V 60 mA
=12 V 4 mA
Ground

HGJ:mt

Bistable Input
1K@ 1X@
+4 ¥ +4 V
-1 v -1V
100 ns 3 ms
180 pps 180 pps

Common pin 16,
NC pin 17,
NO pin 18,

pin 10.
pin 21.
pin 1.

cC 10-7 (2)
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File No., CC 10-8 (1)
January 13, 1964 .
H. G. Jackson

Lawrence Rediation Laboratory, University of California, Berkeley

COUNTING NOTE

PULSE GENERATORS 11X2451 P-1 and 11X2451 P-2

1. SUMMARY

These units are useful in similating the 184" Cyclotron and Bevatron
repetition rates as well as a 1 pps and a 106 pps rate, The 11X2451 P-2
unit has an improved oscillator; the operating specifications are the
same on both units,

The pulse frequency is determined by an astable multivibrator, and
the pulse width by a monostable multivibrator., These are followed by a
pulse amplitude control and parallel NPN-PNP output emitter-followers,

Selection is made on one of four pulse frequency positions, A fine
control concentric with this selector switch allows the frequency to be
varied at least + 50%., An EXTERNAL frequency scurce may alsc be used.

Pulse width selection is from 100 ns to 1 s in seven decade steps.
Fine control of the pulse width is by a potentiometer mounted concentric
with the pulse width switch.

The amplitude control allows the pulse amplitude to be varied from
0 to +4 V. When set to maximum amplitude, the unit generates a standard
+4 V logic level,

The unit is packaged in a shielded nanobox, A size 4X box (3 x 5-1/4"
panel) is used.

Fig., 1 - Pulse Generator -- Front View

1See CC 5-9 for logic voltage levels,



CC 10-8 (2)

II, SPECIFICATICNS

Ext, Input Qutput
Impedance 1KQ Impedance < 50 ¢ (50 mA max, )
Trigger Level +4 V Amplitude Variable O to +4 V
Rise-time <1 ps Rise-time < 15 ns
Pulse Frequency Pulse Width
off 100 ns = 1 pe
External 1l ps - 10 ps
10 ppm 10 ps - 100 ps
1 pps 100 uys = 1 ms
60, pps lms - 10 ms
106pps 10 ms - 100 ms
100ms - 18

Power Required

+12 V 70 mA (120 mA max,) pin 10,
-12 V 35 mA pin 21,
Ground pin 1,

HGJ:mt
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File No. CC 10-9 (1)
January 14, 1964
H. G. Jackson

Lawrence Radiation Laboratory, University of California, Berkeley

COUNTING NOTE

PULSE GENERATOR - 18X1051 P-1

SUMMARY

This is a general purposg pulse generator, with pulse repetition rates
available from 100 pps to 10° pps in four decade steps. A fine frequency
control mounted concentric with this selector switech allows the rate to be
varied with at least & 10% overlap on all ranges, An external frequency
source may also be used.

Pulse width selection is from 100 ns to 1 s in seven decade steps.
Fine control is again made by a concentric potentiometer with at least 10%
overlap on all ranges.

The amplitude control allows the pulse amplitude to be varied from O to
+/, V, When set to maximum amplitude, the unit generates a standard +4 V
logic level,]

The unit is packaged in a shielded nanobox, A size 4X box (3 x 5=1/4"
panel) is used,

Fig. 1 - Pulse Generator -- Front View

See CC 5-9 for logic voltage levels,
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11, SPECIFICATIONS

Ext, Input Qutput
Impedance 1K@ Impedance < 50 @ (50 mA max,)
Trigger level +4 V Amplitude Variable O to +4 V,
Rise-time <1 s Rise-time < 15 ns
Pulge Freguency Pulse Width
off 100 ns - 1 ps
External lpus - 10 pus
103 PPs 10 ps - 100 ps
104 pps 100 us = 1 ms
105 pps lms -~ 10 ms
106 pps 10 ms - 100 ms
10~ pps ‘ 100ms - 18

Power Reguired

+12 V 75 mA (125 mA max,) pin 10.
-12 Vv 50 mA pin 21.
Ground pin 1.

HGJ
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File No, CC 10-10A (1)

June 30, 1966

George Constantian
end Ken Bregger

Lawrence Radiation Laboratory, University of Californie, Berkeley

COUNTING NOTE
e —

HIGH-VOLTACE POWER FOR MULTIPLIER FHOTOTUBES

I. POWER SUPPLIES

Table I indicates the manufacturers' specifications for highwvoltage
power supplies in current use at LRL., These units are checked to meet
IRL specifications in effect at the time of purchase.

TI. POWER DISTRIBUTION

A, Resistive Dividers.

Where load regulation is not a problem, resistive dividers may be
used in distributing power fram one source to several phototube bases.

Fig. 1 indicates a typical 5 kV, L-channel high-voltage divider
penel. At 5 kV, no load, it permits a 600 V adjustment in hv outputs.
Fach output mey be switched off individually, Up to 3 milliampers may
be taken from each output without damage to the unit. Each divider
panel draws 4 mA from the supply at 5 kV, no load. A switched meter
output permits the monitoring of any output with an external meter,

A 3 kV, b-channel divider is also available, At 3 kV, no load,
the output may be varied by 500 V. Up to 3 milliamperes may be taken
from each ocutput without damage to the unit, Each divider panel draws
4 mA from the supply at 3 kV, no load., A switched meter output permits
the monitoring of any ocutput with an external meter,

B, %Zener Dividers.

For better load regulation a zener diode divider is available
(Fig. 2, 3). This high-voltage divider has twenty separate outputs,
each individually adjustable by increments of 20 volts from the power
supply voltage to 580 volts below the supply voltage. The divider is
designed to supply currents from O to LO ma, A 50 ma meter is mounted
on the front of the unit for continuous monitoring of total load
current (Red-lined at L0 ma as a limit reminder).
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Either positive or negative high voltege can be used by plugging
the positive or negative voltage source into the appropriately marked
input Jjack on the rear of the unit, and inserting a pair of shorting
pins at the proper level in the ammeter reversing circuit. The load
can be distributed in any desired combination totaling 0 to L0 ma.,
provided no gingle output exceeds 15 ma, This is a reasonable limit
for the dissipation level in the 1/2 watt 1K ohm surge limiting
resistor in series with each output. The power source must, of course,
match the polarity, maximum voltage, and maximum current requirements
of any intended usage. A 3 KV, 40 ma supply is recommended; 6KV is mex.

Qutput voltages are supplied to an array of twenty marked high
voltage connectors on the rear of the unit. The twenty columns of
the front panel matrix correspond to the outputs. The thirty rows of
this front panel matrix correspond to the supply voltage and successive
20 volt increments below the supply voltage. Output voltage selection
is accomplished by "Switching In" the proper voltage by means of a
shorting pin with an insulated handle inserted into a hole with the
appropriate coordinates on the matrix board. Adjustment is accomplished
by moving vertically in the column corresponding to the output to be
adjusted by the desired number of 20 V increments (Rows). It is
recommended that output voltage adjustment be made by using two shorting
pins in a "leap frog" manner in order to avoid disconnecting the load
entirely whenever a pin is pulled. Note, however, that while two pins
are inserted in the same column the zener diode between the two is shorted
out - the veoltage being that of the higher (absolute value) of the two.
Thus in adjusting one output in a "leap frog" manner, mamentary 20 volt
changes will occur in all other outputs set to levels below the higher
(absolute value) of the two "leap frog" pins.

Provision is made on the front panel for externally monitoring the
voltege supplied to any selected output by "Switching In" an external
veltmeter. This i1s accomplished by connecting an appropriate meter to
the external meter jack and inserting a pin in the receptacle directly
below the column for which the voltage is to be monitored.

Cutput load regulation can be estimated for any circumstance by use
of the following relationship. AE/ma/row (zener diode) = 0.035 volts.
This results in a worst case AE of approximately 1 volt/ma load change
in row 30,
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METERING

3 kV and 5 kV electrostatic voltmeters of 2% accuracy are available
in rack mounted drawers for monitoring divider-panel outputs, 4 and
10-position metering panels are available for use with the meters to
monitor up to 10 divider panel meter outputs.

The 184" Cyclotron counting areas are equipped with rack-mounted
digital voltmeters and 1000 megohm voltage dividers providing U-digit
read-outs of 0.1 V resolution (with most significant figure shifted off
scale) and 0,5 V accuracy. A maximum of 0.06% change in voltage of an
individual output of a 5 kV divider can be experienced when switching
the 1000-megohm meter divider in and out of the circuit,
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N.E., SCIENTIFIC

N.E, SCIENTIFIC

MFR, & MODEL MOD, RE-3002EW MOD. RE~5001EW 2X6314
VOLTAGE +0.5kVto+3kV |+0.5kV to+5KkV | +0.5kV to + 3 kV
CURRENT 0-20 mA 0-10 mA 0-20 mA
LINE REGULATION" + .005% + .005% + .005%
rﬁLoan REGULATION® + .005% + .005% + .005%
STABILITY + 005%/Hr. + .005%/Hr. + .005%/Hr,
+ .05%/Day + ,05%/Day + .05%/Day

TEMP, COEFFICIENT

RIPPLE & NOISE

2 millivolts p-p

2 millivolts p-p

2 millivolts p=-p

VOLTAGE CONTROLS

4=-500 V Steps
10-50 V Steps
1-60 V Vernier

8-500 V Steps
10-50 V Steps
1-60 V Vernier

4=500 V Steps
10-50 V Steps
1-60 V Vernier

VOLTAGE RESOLUTION’

VOLTAGE AccURAcg4 + 2% + 2% + 2%
INPUT 105-125 V ac 105-125 V ac 105~125 ¥ ac
60 CPS 130 W 60 CPS 125 W 60 CPS 130 W
PANEL HEIGHT 8-3/4" 8-3/4M 8=3/4"
CHASSIS DEPTH 12-1/2" 12-1/2" 12-1/2"

REMARKS

1105 v to 125 V.
2

TABLE I

No Load to Full Load Except as Noted,

3
4,

The guaranteed minimum increment of output voltage adjustment,

The accuracy of the cutput voltage indicated by the sum of the dial settings,
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JOHN FLUKE
MFR. & MODEL MOD, 408 A/U NJE MOD, 64H40 CARAD MOD, 15244
VOLTAGE +0.5kV to £ 6kV [+0,5kV to+5kV [+ 0.5KkV to ¢+ 3 kV
CURRENT 0-20 mA 0-20 mA 0-20 mA
LINE REGULATION + .01% + .01% + .0001%

10 mA Step

LOAD REGULATION + ,01% + ,005% + .001% + 20 mv

+ .005%/Hr. + ,005%/Hr + .005%/Hr,
STABILITY + .03%/Day + .05%/8 Hr, + .05%/10 Hr,

TEMP, COEFFICIENT

RIPPLE & NOISE

5 millivolts rms

5 millivolts p-p

1 millivolt rms

5-1000 V Steps

9-100 V Steps 8-500 V_GSteps 4-500 V Steps
VOLTAGE CONTROLS 10-10 V Steps 9-50 V Steps 10-50 V Steps

1-10 V Vernier 1-60 V Vernier 1-60 V Vernier
VOLTAGE RESCLUTION 10 millivolts
VOLTAGE ACCURACY + 0,25% + 2% + 1% of Dial

Setting

INPUT 117 V 50/60 CPS 105-125 V ac 105-125 V ac

250 W 60 CPS 350 W 60 CPS 210 W
PANEL HEIGHT 8-3/4" 8-3/4" 8=3/4"
CHASSIS DEPTH 5 17-3/4" 14-5/8n

REMARKS

Interlock latching
relay prevents
starting the instru-
ment with the X1000

switch in other than
the 500 or 1000

positions,

Units must be
mounted to allow
1-3/4" (one W.E,
rack unit) above &
below for air ecir-
culation,

TABLE I (Cont.}
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MFR. & MODEL

CARAD MOD. 1522

POWER DESIGNS

POWER DESIGNS

MOD. 1544 MOD. 1556

VOLTAGE t.5 kV to *5kV £1V to £3kV 1V to +6kV
CURRENT 0-20 mA 0-20 mA 0-20 mA
LINE REGULATION £.001% +.001% + 2mV t.001% + 2mV
LOAD REGULATION 10 mA Step

£.001% + 20mV +.001% + 2mV +.001% + 2mV
STABILITY +.005%/Hr. +, 005%/Hr. +.005%/Hr.

+,05%/10 Hr. +.03%/24 Hr, +,03%/24 Hr.
TEMP, COEFFICIENT 25 ppm/°C 25 ppm/°C

RIPPLE & NOISE

1 millivolt rms

2 millivolts pp

2 millivolts p-p

VOLTAGE CONTROLS

8-500 V Steps
10-50 V Steps
1-60 V Vernier

5-500 V Steps
4-100 V Steps
10-10 V Steps
1-12 V Vernier

5-1000 V Steps
9-100 V Steps
10-10 V Steps
1-12 V Vernier

VOLTAGE RESQLUTION

10 millivolts

10 millivolts

VOLTAGE ACCURACY

t1% of Dial
Setting

0. 25% above 250 V

0. 25% above 2560 V

INPUT 105-125 V ac 105-125 ¥V ac 105-125 V ac

60 CPS 300 W 50 to 400 CPS 130 W 50 to 400 CPS 200W
PANEL HEIGHT 8-3/4" 5-1/4¢ 8-1/4"
CHASSIS DEPTH 14-5/8" 16" 18"

REMARKS

Electronic overload
protection protects
supply in case of
momentary or indef-
inite overload or
short circuit.
Reset not required.

Electronic overload
protection protects
supply in case of
momentary or indef-
inite overload or
short circuit.
Reset not required.

TABLE

I (Cont.)




MFR. & MODEL

VOLTAGE

POWER DESIGNS
MOD. 1547

* 1 Vtot3kV

CURRENT

LINE REGULATION

LOAD REGULATION

0-40 mA

STABILITY

t ,001% + 2 mV

t ,001% + 2 mV

.005% /Hr,
.03%/24 Hr.

w H

I

TEMP. COEFFICIENT

RIPPLE & NOISE

VOLTAGE CONTROLS

25 ppm/°C

1.0 millivolts p=-p

5=500 V Steps
4-100 V Steps
10-10 V Steps
1-12 V Vernier

VOLTAGE RESOLUTION

20 millivolts

VOLTAGE ACCURACY

.25% above 250 V

105-125 V ac

INPUT 50 to 400 CPS 231 W
PANEL HEIGHT 5-1/4"
CHASSIS DEPTH 16"

REMARKS

Electronic overload
protection protects
supply in case of
momentary or indef=-
inite overload or
short circuit.
Reset not required.

TABLE I (Cont.)

CcC 10-10A (8}



I.

1

File No. CC 10-11 (1)
February 15, 1966
B, G. Jackson

Lawrence Radiation Laboratory, University of California, DBerkeley

COUNTING NOTE

DUAL DELAY GATE - 11X2L61l P-2

SUMMARY

The Dual Delay Gate 11X2L61 Pl has been packaged in a Nuclear Instrument
Module. A Size 2% (2.7 x 8.75" panel) is used, The larger panel size has
allowed for two separate delay gates to be packaged in the one module.

This unit is.useful for generating delay or gate signals using standard
L Vv logic levels. Tt takes the form of a multivibrator with complementary
inputs and outputs. A selector switch allows the multivibrator to be operated
in the bistable mode; or one of six monostable positions covering the range
1 us to 1 s in decade steps. Fine control of the pulse width is obtained
from a potentiometer mounted concentric with the selection switch.

Dual "OR" inputs are provided on both the SET and RESET inputs. The
multivibrator may also be manually SET or RESET by means of a push-button.
A light indicates when the multivibrator is in the SET position. A toggle
switch is provided to inhibit signals into the unit; in the OFF position
the multivibrator is automatically RESET.

Fig. 1 - Front Panel View of Dual Delay Gate

See CC 5-9 for logic voltage levels.
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II. SPECIFICATIONS

Input Output
Impedance 1KQ Impedance <50 £ (50 mA max. )
MY level +h v m" h v
"o" level -1V "or -1V
Min. Width 30 ns Delay <15 ns
Max. Duty Cycle G0% Rise-time <1% ns for step input

Delay/Gate Widths

Bistable
1 ps - 10 us
10 us = 100 us
100 us = 1l ms
lms = 10 ms
10 ms - 100 ms
100 ms - ls

Power Required
12 V 100 mA {240 mA max.) pin 16.
=12 V 20 mA pin 17.
Ground pin 3k,
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File No. CC 10-12 (1)
March 15, 1966
H., G. Jackson

Lawrence Radiation Laboratory, University of Califernie, Berkeley

COUNTING NOTE

PULSE GENERATOR - 18X1401 P=1

I. SUMMARY

A general-purpose pulse generator has been packeged in a Nuclear
Instrument Module., A Size 2X (2,70 x 8.75" panel) is used.

The basic circuit consists of three duasl-two input NOR gates of
RTL integrated circuits operated as astable or monastable multivibrators.

Filg, 1 = Front Panel View of Pulse Generator

Pulse repetition rates are available from 0,1 pps to 106 pps in
seven decade steps. A fine-frequency control mounted concentric with
the selector switch allows the rate to be varied with at least 10%
overlap on &ll ranges. Single-pulse operation can be selected or an
external-frequency source can be used.

Two external inputs are provided. One is for the standard +L V
logic level. The other is a 500 terminated input for fast narrow
negative pulses of 200mV or more in amplitude.

The output pulse can be delayed from 100ns to 1ls in seven decade
steps, Fine control is made by a concentric potentiometer with at least
10% overlsp on all ranges. A toggle switch is provided so that the delay
can be easlly switched in or out.

lSee CC 5=9 for loglc voltage levels,



CC 10-12 (2)

The output pulse width selection is also from 100 ns to 1 s in seven
decade steps., Fine contrcl is egain made by a concentric potenticmeter
with at least 10% overlap on all ranges.

The trigger output and the output pulse generate the standard +4 V
ilogic level., A complementary output pulse is also provided that is
coincident with the normal output pulse, It too generates the standard
+4 V logic level, but goes from +4 V to O V.

II, SPECIFICATICNS

Ext, Input (1) Fxt, Input (2)
Impedance 1 X0 Impedance 50 0
Trigger level +h V Trigger level -200 mV
Pulse width >20 ns Pulse width >2 ns
Rise=time <100 ns Rise~time <20 ns

Trigger Cutput
Impedence <509 (20 mA max.)
Amplitude +4 V
Rise=-time <30 ns

Pulse Output Complomenbory CuLput
Impedance <50 © (33 mA max.) Impedance <50 O (33 mA max,)
Amplitude +4 V (from Gnd) Amplitude i V (from +4 V)
Rise~time <15 ns Rise~time <15 ns

FPulse Frequency Pulse Delay Pulse Width

Off 100ns - lus i00ns -~ lus

Single Pulse lus - 10us lus - 1l0us

0.1 hz - 1,0 Hz 10us - 100us 10ks - 100us

1,0 Hz -« 10 Lz 100us -  lms 100us - 1ms

10 Hz - 10C Ez Ims = 10ms Ims - 10ms

100 Hz - 1 KXHz 10ms - 100ms 10ms -~ 100ms

1 KHz - 10 ¥Hz 100ms = 1ls 100ms - 1ls
10 KHz - 100 FKHz
100 KHz - 1l MH=z

External

Power Required

+12 V 200mA  pin 16.
Ground pin 3%,

HGJ /mlr
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File No. CC 10-13 (1)
D. A. Mack
August 3, 1966

Lawrence Radiation Laboratory, University of California, Berkeley
COUNTING NOTE
]

NUCLEAR INSTRUMENT MODULE BIN

A number of pieces of laboratory and commercial equipment are constructed
in Nuclear Instrument Modules (NIM), The 8-3/h" Nuclear Instrument Module Bin
is designed to accept any 8-3/4" module and supply essentially all of its
power requirements. Fig., 1 shows a front view of the bin.

Fig. 1 = Nuclear Instrument Module Bin

Table I lists the power capabilities of supplies presently in use at the
Laboratory. Table II lists the buses that have been wired to bins in various
stages of progress., Eventually all bins will be modified to correspond to the
latest schedule (Type C). The actual voltages available will, of course, de~
pend upon the power supplies that are attached. At present one can depend
upon * 12 and t 24 volts being available from any of the rear-mounting bin
supplies. All other voltages must be supplied from either external or modular
supplies.

REFERENCES:
l. TID-20893 (Rev.) Standard Nuclear Instrument Modules

2, UCRL-11702 Instrumentation Module System
3. Power Supply Specifications LRL-98-87



TABLE I

CcC 10-13 (2)

POWER SUPPLIES

Manufacturer | Line Line and Losd

Manufacturer Type No. Filter | Power Cutput Regulation

Transistor Devices | SPS=305 No [¢12, 24V @1 a each £0,1%

Transistor Devices | SPS-372F Yes [*12, 2LV @1 a each *0.1%

Power Designs AEC=-320-~1 No [*12, 2LV €1 a each 10,1%

Sorensen MQB-T2=1 Yes [:12, 24V @1 a each £0,1%
12V @2 =

Power Designs ﬁgg:ggg:i’ Tes ;i::leio:d not to *0.1%
exceed T2W
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INDEX
Section

Amplifiers

Nanosecond Pulse Amplifiers, Summary CC 1-2A

Evaluation of HP L60A snd B cC 1-h

Logic Amplifier 20 V Output cC 1-6

Pulse CC 1-T7

Dual 1lns DCx10 Amplifier cC 1.8

Spark Gap Trigger Amplifier CC 6-5A
Attenuators

Nanosecond CC 2-6B
Cables

Coaxial, Pulse Response CC 2-1B

Coaxial, Physical Characteristics CC 2.2C
Coincidence Systems

Dual 3-Channel, Model 3 CC 3-10A

Time-to-Height cC 3-15

kuWay "AND", 1" INHIBIT cC 3-12

S-Way "OR" CcC 3-13

5-Way Fanout CC 3-1h

5-Way Fanout CcC 3-16
Compenents for Amplitude Analysis

Surmary, Pulse Height Analyzer Manufacturers' CC 4-6

Data
Definitions

Logical Voltage Levels CC 5-9A

Performance CC 5-6

Phototubes CC 5-8A

Pulse Terms CC S5-T
Del-a-gate cC 10-5
Delay Units

Delay Gate cC 10-6
Digeriminators

Pulse Amplitude, Models 2 and 3 cC 3-11

Radiation Laboratory Types CC 3-5B
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Electronic Circuits for Spark Chambers

Energy Distribution Box

High Voltage Probe for Nanosecond Pulses
Spark Gap Trigger Amplifier

15kv 20ma Spark Chamber Booster Supply

Gate and Delay Units

Delay Gate

Light Pulser

Corona

Photomultipliers

Corona Light Pulsers

Gating, Electrical

Light Pulses for

Manufacturers' Data

Measuring Techniques

6810 Class, Special Characteristiecs

Probe
High Voltage Probe for Nanosecond Pulses

Pulse Height Analyzers

Summary of Manufacturers' Data
Pulser

Corona Light

Gated

Light, for Photomultiplier Tube Testing
Mercury

Nanosecond

Pulse Generators

Pulse Generators

Regigter

Scalers

Decade Scaler, Model 5

Decade Scaler and Readout System
Operating Characteristics

10 MHz Decade Scaler
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Scintillation Counters

Particle Detection by Scintillation Counters CC 8-5A
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Nanosecond CC 2-6B
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